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The Report of the National Board of Health for the fiscal year ending 

June 30, 1881. 



Jantjabt 11, 1882. — Referred to the Committee on Public Health, and ordered to be 

printed. 



Tbeasxjby Depabtment, 

December 6, 1881. 

Sm: In compliance with the requirements of section 4 of the act of 
Jane 2, 1879, 1 have the honor to transmit herewith the annual report 
of operations and expenditures of the National Board of Health for the 
fiscal year ending Jane 30, 1881. 
Very respectfully, 

CHAS. J. FOLGER, 

Secretary. 
Hon. J. Wabben Keifeb, 

SpeaJcer House of Representatives. 
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OF THE 
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JUNE 30, 1881. 



National Board of Health^ 

Washingtony D, O.y November 14, 1881. 

Hon. Henry F. French, 

Acting Secretary of the Treasury: 

Sm : In compliance with the provisions of section 4 of the act ap- 
proved Jane 2, 1879, entitled << An act to prevent the introduction of 
contagions and infections diseases into the United States," the National 
Board of Health respectfully submits its third annual report. 

Hitherto, for reasons which the board considered to be of some im- 
portance with reference to the convenience of administrative operations 
during the period at which infectious fevers were likely to exist, the 
annual report has not been drawn up until the close of the calendar 
year. This having been made the subject of disapproving criticism, so 
far at least as refers to the transmission of the estimates for the next 
fiscal year, the board, in deference to the supposed intention of Congress, 
proposes to conform to the common usage of the various bureaus of the 
government in regard to the commencement and end of the administra- 
tive year. 

ANNUAL EEPOBT, 1881. 

SPECIAL SCIENTIFIC INVESTiaATIONS. 

In the last annual report, dated January 1, 1881, it was considered 
proper to refer in a general way to all the scientific investigations which 
had been set on foot by this board since its organization, and they were 
accordingly enumerated seriatim. 

Of the entire number then stated to be in progress, some have been 
since completed and others so far advanced as either to have admitted 
of being partially reported in preliminary papers, or only to require a 
brief delay for completing the record of the experiments and observa- 
tions. The following (I to IV inclusive) are in the former class : 

INVESTIGATIONS COMPLETED. 

I. An investigation, by Drs. H. 0. Wood and H. F. Formad, of Phila- 
delphia, on the Etiology and Nature of Diphtheria, on which subject 
these gentlemen had previously submitted a preliminary paper which 
has b^n published in connection with the last annual report of the 

7 
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board. Their final and consolidated report is now submitted. (See 
Appendix 1.) 

This paper recites facts and experiments of great interest in their 
scientific relations and in their probable bearings upon sanitary questions 
of vital importance to the public health. The apparently positive dem- 
onstration of the fact that a fungoid organism found in healthy and 
in inflamed, but non-diphtheritic throats, may yet, under certain un- 
known conditions, assume an active state, as shown by an unlimited 
power of generation in culture experiments, which is not exhibited to 
anything like the same extent by the innocuous form of this organism, 
and in this active state will give rise by inoculation to all the phenomena 
of malignant diphtheria, is in complete accord with parallel phenomena 
ascertained by the independent observations of Pasteur, Sternberg, 
and others, as to the identical moq)hological characters of harmless 
micrococci and of those which produce fatal septicaemia. It suggests, 
moreover, an analogy with the striking phenomena so recently narrated 
by Pasteur in his remarkable address before the International Congress 
in London, which phenomena he has turned to so useful an account in 
the protection of animals against certain malignant diseases. By inoc- 
ulating sheep and cattle with the poison of charbon, attenuated by means 
of certiiin specified processes of artificial culture, he has demonstrated 
that this modified virus is shorn of its malignancy while it yet secures 
the inoculated animal from any further attack, thus greatly extending 
the sphere of operation of the principle involved in the immortal dis- 
covery of Jeuner, and furnishing a new proof of the germ theory of dis- 
ease in some of its most striking applications. 

II. Experimental Investigations, by George M. Sternberg, Surgeon 
U. S. A., relating to the Etiology of the Malarial Fevers. (See Appen- 
dix 2.) 

The experiments of Dr. Sternberg, repeating tho^e of Klebs and Tom- 
masi-Crudeli made in the vicinity of Eome, as a result of which they 
^announced the discovery of a special organism which they consider to 
be the specific cause of the malarial fevers, seem to indicate a source of 
fallacy in their conclusions. Those observers seem not to have been 
cognizant of the fact that healthy rabbits not exposed to malarial influ- 
ences, either naturally or by inoculation, do often exhibit diurnal varia- 
tions of temperature (dependent apparently upon changes of external 
temperature or other non-malarial influence), as jn'onounced avS those held 
by them to be indicative of malarial paroxysms. He further shows that 
the post-mortem appearances in the spleen, regarded by those observers 
to be the efl:ect of malaria, are not in fact evidence of death from that 
cause, inasmuch as similar changes are found in the spleens of rabbits 
dead from septicaemia produced by the subcutaneous injection of hu- 
man saliva. But while thus indicating the insufficiency of the evidence 
on which Klebs and Tommasi-Cmdeli have based their conclusions, Dr. 
Sternberg does not feel warranted in denying the alleged relation of the 
fungoid organism to malarial fevers, a question which it is probable can 
only be fully settled by experiments on man himself. 

In connection with these experiments of Dr. Sternberg, attention is 
invited to a special report by the same gentleman on <'A fatal form of 
septicsemia in the rabbit, produced by the subcutaneous injection of hu- 
man saliva." In this paper Dr. Sternberg incidentally narrates several 
£a€ts going to show the occasional acquisition of virulent qualities by 
micro-organisms, which, under other circumstances, are quite harmless, 
and makes this important deduction : 

^^ The fact observed by myself, that during the summer months the 
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mud in the gutters of New Orleans possesses an extraordinary degree 
of virulence, shows that pathogenic varieties of bacteria are not alone 
bred in the bodies of li\ing animals. The more I study this subject the 
more probable it seems to me that in this direction lies the explanation 
of many problems which have puzzled epidemiologists, and that the 
8anitarians are right in fighting against tilth as a prime factor in the 
production of epidemics — a factor of which the role is easily understood 
if this view is correct." 

III. An Investigation, by Prof. Ira Kemsen, of the Johns Hopkins 
University, Baltimore, in relation to carbonic oxide as a source of danger 
to health in apartments heated by cast-iron stoves or furnaces. (J5ee 
Appendix 3.) 

The results of Professor Remsen's inquiries indicate possible sources 
of error in the well-known experiments reported by a committee of the 
French Academy in 180S-'69, from which the conclusion was reached 
that cast iron stoves, as soon as their tempemture reaches dark-red heat, 
allow the escape of considerable quantities of the poisonous gas in ques- 
tion. Professor Hemsen's observations go to show that in rooms heated 
by cast-iron stoves and furnaces there is not present in the immediate 
vicinity of the hot-air flues as much as 0.04 ])er cent, of carbonic oxide, 
and it remains to be shown whether such minute quantities of the gas, 
if present, can act injuriously on the health of those who breathe it. 

IV. A Report on tlie Sewerage of Europe, by Rudolph Bering, sani- 
tary engineer. (Appendix 4.) 

INVESTIGATIONS PARTIALLY REPORTED. 

V. The series of investigations into the relations of different soils to 
the^ir and water currents passing through them, commenced by Prof. 
Raphael Pumpelly, of the U. S. Geological Survey, a year ago, have been 
steadily prosecuted in accordance with his plans by his able associate, 
Prof. George A. Smyth. 

A preliminary report, dated March 28 (see Appendix 6), gives the 
reconl of the details of about four hundred experiments, involving very 
skillful and delicate manipulations. Numerous as the experiments have 
been, the^- form but the beginning of a series which opens up a new field 
of research of great i)ractical importance. 

The opinion widely entertained, that there is little or no danger of 
the pollution of wells by sewage leaching from cess-pools in a sandy soil, 
provided a moderate distance intervenes, is completely refuted by these 
experiments, which proves that *' sand interposes absolutely no barrier 
between wells and the bacterial infection from cess-pools, cemeteries, &c», 
lying, even at great distances, in the lower wet stratum of sand." More- 
over, " it api>ears i)robable that a dry gravel, or i)ossibly a dry, very 
coarse sand, interposes no barrier to the free entrance into houses built 
upon them of those organisms which swarm in the ground-air around 
leaching cesspools, leaky drains, &c., or in the filthy made-ground of 
cities." They also show " that a house may be built on a thoroughly 
dry body of sand or gravel, and its cellar may be far above the level of 
the ground water at all times, and it may yet be in danger of having 
the air of its rooms contaminated by the germs from leaching cesspools 
and vaults ; for, if the drift of the leaching be toward the cellar, very 
wet seasons may extend the polluted moisture to the cellar walls, whence, 
after evaporation, the germs will pass into the atmospheric circulation 
of the house." 

VI. The investigation under the direction and supervision of Prof. J. 
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W. Mallet, of the University of Virginia, with the co-operation of Profc 
H. Newell Martin, of the Johns Ho])kins University, on the best method 
of determining the amount of organic matter in potable water, and the 
specific effects of variously contaminated water oil the health of |)ersoD8 
who have used it, has now been completed so far as concerns the prac- 
tical work of the laboratory. The preparation of the report will involve 
considerable labor and expenditure of time, and will be transmitted in 
connection with the next annual report. 

VII. An investigation, by Mr. Ernest W. Bowditch, sanitary engineer 
of Boston, on the sanitary condition of summer resorts. 

Mr. Bowditch had previously made for the State board of health, 
lunacy, and charity of Massachusetts an excellent report on the drain- 
age of summer hotels and boarding-houses. Nearly all of those which 
he examined, about one hundred and fifty in number, were found to be 
very unsatisfactory, and threatened to become at any time foci of typhoid 
fever and other infectious diseases. The board was induced to invite 
Mr. Bowditch to extend this inquiry to Newport, Long Branch, and 
other places which, from the wide extent of country from which they 
derive their patronage, assume a national character and importance. It 
is a gratifying fact that for the most part the several proprietors whose 
premises were inspected exhibited every disposition to correct the san- 
itary evils discovered by the inspection. 

At Newport several of the citizens, associated as a society for mutual 
sanitary protection, desired a more thorough survey of the city than was 
consistent with the general plan of the board, and agreed to pay the 
cost of the additional work. In this connection attention is invited to 
a communication addressed to the president of the board September 8, 
1881, by Samuel Powel, esq., president of the Sanitary Protection Asso- 
ciation, in regard to a grossly defective location of the quarantine of that 
city. That communication and the consequent correspondence with the 
mayor of the city and his excellency Governor Littlefield will be found 
in Appendix 6. 

VIII. Professor Wood, of Harvard University. Cambridge, is engaged 
in making a special investigation into the conditions of arsenical poi- 
soning by means of emanations from wall papers, carpets, and other 
furniture containing arsenical coloring matter, which will probably be 
completed before the close of the year. 

IX. Dr. Stephen Smith, a member of this board and chairman of the 
committee on quarantine legislation, will, as early as practicable, make 
a report on the history of quarantine in the United States, intended to 
exhibit, as far as extant records or reliable tradition will enable him to 
do it, the current events which led to quarantine legislation, or attempts 
at such legislation, by any of the States or by the general government. 
In preparation for the execution of this task. Dr. Smith and the presi- 
dent of the board, one or both, have visited tne principal ports of New 
England, from Newport, R. I., to Portland, Me., as also the ports of New 
York, Philadelphia, Baltimore, Norfolk, and New Orleans, and those on 
the coast of Mississippi. It is proposed to complete the tour of inspection 
at an early day. Additional subjects for investigation will b^ assigned 
to competent hands after the next annual meeting of the board, and 
will be indicated in a supplementary report. 

MABITDIE QUARANTINE. 

With definite and, it is believed, well matured views as to the prac- 
ticability of efficiently protecting the exposed ports on the South Atlan- 
tic and Golf coasts against the introduction of contagious and infectious 
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diseases from foreign countries, in accordance with the requirements of 
the act of June 2, 1870, the board, adopting a plan proposed, and to 
some extent carried into execution, by the Government of France in 
relation to her Mediterranean ports, had at an early period of the year 
arranged a plan of prospective operations, involving the necessity of 
establishing refuge stations for infected and suspected vessels at Hamp- 
ton Roads, in Virginia, at Sapelo Sound, on tlie Georgia coast, and in 
Galveston Bay, Texas, such a station having been previously estab- 
lished and equipped at Ship Island, in the Mississippi Sound. Esti- 
mates of the cost of construction and of maintenani^e for a year were 
submitted to Congress at the last session, but did not receive the sanc- 
tion of that body, the appropriation voted for the next (the present) 
fiscal year being about one-third of the amount estimated by the board 
to be uecessary if the stations in question should be established and 
adequately equipped. 

This unexpected curtailment of the means deemed necessary for the 
efficient execution of the act which prescribes the duties of the board 
compelled the executive committee to convene a special meeting of the 
full board on the 2d March, to consider and prescribe for the guidance 
of the committee a new plan of operations in consistency with the re- 
duction of its funds. It was then decided to abandon all the projected 
schemes of constniction at Hampton Roads, at Sapelo Sound, and at 
Galveston Harbor j to operate the Sapelo Sound station with the ex- 
tremely imperfect machinery in use during the last season, consisting 
of a boarding-tug and a few hospital tents, and' to hold the hospital 
barge at Nortblk with a moderate equipment in reserve for the exigen- 
cies of an outbreak of infectious disease, when a contingent appropria- 
tion voted by Congress would become available. 

Prior to the action of Congress the board had contracted for the re- 
pair of an old quarantine wharf and warehouse on James Island, in 
Charleston Harbor, South Carolina, belonging to the United States, but 
used by the qucirantine authorities of the State. 

The various structures previously erected at Ship Island, namely, a 
wharf, a capacious warehouse, a hospital for the sick, a suitable build- 
ing, remote from the hospital, for the accommodation of persons not sick 
with any infectious disease, but kept for a time under observation aft 
having been on inlected vessels, and finally very modest quarters for 
the medical officers, have all been completed. These buildings, together 
with the vessels necessary for the service in connection with the station^ 
have been provided at the small aggregate cost of $30,000. 

These several structures, in strict conformity to the letter of the law, 
are "temporary," in the sense of being built of wood and other inex- 
pensive materials, but the hospitals and other houses are commodious 
and admirably adapted in a mild and semi-tropical climate to the nses 
for which they were designed, and, although intrinsicall\' perishable, 
may be kept in a condition of usefiilness at a small annuul cost of repair* 

It is a source of deep regret to the board that the limitation of its re- 
sources imposed by the recent action of Congress precludes the possi- 
bility of making an equally efficient arrangement at the other named 
localities on the South Atlantic and Gnlf coasts, and thus of preparing 
adequate safeguards against the introduction of infectious fevers from 
foreign countries through any of the ports of the United States, from 
Baltimore to the southern limit of the coast of Texas. Baltimore is 
named in this connection because although possessing a full equipment 
of quarantine machinery, which will always be needed for the purpose 
of quarantine inspection, it is to be presumed that the authorities of 
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that port will be glad to avail themselves of a refuge station in Hamp- 
ton Roads, to which they may send infected vessels, and thas avoid the 
danger of communicating infection to other shipping, whether vessels 
in transitu to the wharves of the city or such as are under observation 
atthe quarantine anchorage in dangerously close proximity to the city. 
, It would be desirable to establish a similar station of refuge at or near 
the Delaware Breakwater, for the protection of Wilmington and PhUa- 
delphia. Further north the elaborately equipped quarantine tftations 
of New York and Boston are so situated as to enabl** them already to 
fulfilll this office, both for their own ports and those of neighboring 
States. That the station at Ship Island and other similar stations which 
the Board intended to establish may justly be characterized as '^ ade- 
quate safeguards" against the introduction of infectious diseases into 
any of the ports of entry which will co-operate with the National Boturd 
of Health in its eflforts to secure such a result, seems to be sufficientty 
attested by the experience of this summer. Four yellow-fever ships 
have been received and treated at Ship Island during the summer, the 
same having been sent thither by the quarantine authorities of Pensa- 
cola, Mobile, and Pascagoula. No death has occurred among the cases 
received into hospital, and no case of fever has occurred upon either of 
the vessels after they were released, or in any \yoTt where they liave sub- 
sequently touched. It may be remarked in this connection that, owing 
to the extent of anchorage ground off Ship Island it has been found 
practicable to aid the health authorities of the several ports of Hancock 
and Harrison Counties, Mississippi, namely, Mississippi City, Pass Chris- 
tian, Bay Saint Louis, and Shieldsborongh, l>y assigning a part of said an- 
chorage, distant over two miles from the anchorage for infected vessels, 
as an inspecting station for said ports. Their trade is not of sufticient 
extent to enable them to bear the. expense of establishing and main- 
taining such a station, which is indispensable to the safety of the whole 
country, inasmuch as a single infected vessel coming into one of these 
ports might as readily originate a focus of infection, wlience the disease 
might spread over the entire region, as in the case of ports of larger 
trade. This aid is rendered through the instrumentality of the medical 
officer at Ship Island, with little or no additional cost to the govern- 
ment. 

The report of Dr. T. S. Scales, superintendent of the station, hereto 
appended (Appendix 7), gives further interesting details. 

The Sapelo Sound station, located on Blackbeiml Island, with its very 
scant and imperfect machinery, has yet proved to be a very important 
means of defense to the South Atlantic ports. The authorities of Fer- 
nandina, Brunswick, Darien, Savannah, and Charleston have all issued 
orders to pilots prohibiting the admission into their respective ports of 
infected vessels, namely, such vessels as have suspicious cases of disease 
on board, or on which such diseases have existed during the voyage, 
until the masters of such vessels shall produce a certificate from the su- 
X>erintendent at the Sapelo refuge station that they have been properly 
and effectively cleansed and disinfected and are now probably free from 
infection. Four such vessels were received and treated by t>r. W. H. 
EUiott, medical superintendent of the station, who has accomplished, 
cinder circumstances of great difficulty and personal discomfort, all that 
was practicable with the means furnished him. Details will be found 
in his report (Appendix 8). 

The only locality in the United States in which a case of yellow fever 
has occurred on nhore during the summer just ended was at Key West. 
For a notice of the peculiar and exceptional position of that place, ref- 
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erence is invited to the statements made in the second annaal report 
of this Board, and to a report by Dr. S. M. Bemiss, a member of the 
Board, of a recent sanitary inspection made by him under the orders of 
the executive committee. (See Appendix 9.) 

The case of Key West is a i)eculiar and exceptional one, and, for rea- 
sons set forth in the report of Dr. Cochran, a sanitary inspector of thift 
Board, a copy of which will be found in the appendix of the last annual 
report, the Board did not consider it necessary or expedient to report 
the facts to the President of the United States with a view to the estab- 
lishment of a compulsory quarantine in conformity with the provisions 
of section 3, of the act approved June 2, 1879, to prevent the introduc- 
tion of contagious and infectious diseases into the United States. The 
cost of such an establishment would probably be disproportionate to 
the resulting benefits in view of the comparatively slight danger of the 
transmission of the infection from that city, except by sea-going vessels 
which, if ^ound to other United States ports, can be quarantined at the 
ports of final destination. In view, however, of the frequently recurring 
introduction of yellow fever into Key West, and the refosal of its 
authorities to apply measures of quarantine, this Board has considered 
it to be its duty to advise the health authorities of all ports having com- 
munication with Key West during warm weather to take special pre- 
cautions in dealing with vessels from that port. 

As a part of the machinery by which the Board has attempted to facili- 
tate the work imposed by the law of June 2, 1879, on the consular offi- 
cers of the United States at foreign ports where infectious diseases 
habitually prevail, it has kept a competent medical officer, Dr. D. M. 
Burgess, on constant duty in the office of the consul-general at Havana. 
The ser\ices rendered by this gentleman and by Consul-General Hall 
have been such as to merit the highest commendation, and the practical 
results have been highly beneficent. 

INTEE-STATE QUARANTINE. 

For reasons which have been heretofore stated at length, the Board 
had maintained during the summers of 1870 and 1880 a very efficient 
system of river sanitary police on the Mississippi Kiver, by means of 
fixed stations for quarantine inspection, at several points between New 
Orleans and Cairo, as specified in former annual reports ; and also of a 
fast sanitary patrol boat for rapid communication with localities recently 
infected, or sup|)osed to be infected, for carrying medicines and other 
supplies, and for transporting the sick to the hospital flats moored at 
the fixed stations, whenever it should become necessary to dei)opulate 
a village in which infectious disease had broken out. The attention of 
Congress was invited in the last annual report to convincing proofs of 
the great value of this system, furnished by the testimonials incorpo- 
rated in the report of Dr. K. W. Mitchell, a member of this Board, and 
at that time the director of the service in question. 

With such evidences of its utility, the Board was desirous of extending 
and i>erfecting this service for the present year, and made estimates 
accordingly, but the smallness of the appropriation caused the Board no 
little anxiety as to its ability to do anything more than to put the sev- 
eral stations in a state of readiness for commencing opei^Htions in the 
event of the appearance of yellow fever at or below New Orleans. At 
first it was decided to act oi| such a basis, but it was soon found that 
the apprehensions entertiiined all along the Mississippi Valley as to the 
luobability of an invasion of yellow fever were such as to make it abso- 
lutely certain that a rigorous quarantine would be established against 
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New Orleans, producing vexatious and costly interruptions to trade and 
travel. The authorities of Vicksburgh and those of Memphis had, in- 
deed, published ordinances prohibiting the landing of either persons or 
merchandise trom New Orleans without a certificate from the inspecting 
agents of the National Board of Health at these river stations. The 
Board accordingly, at its semi-annual meeting in June, decided to renew 
the service on as moderate a scale of expenditures a« was consistent 
with the attainment of the objects in view. 

The report of Dr. F. W. Keilly, superintendent of this service, fur- 
nishes the details of the work of the season. (See Appendix 10.) 

SANITARY INSPECTIONS AT NEW ORLEANS. 

The service of sanitary inspections of river craft and railroad running 
fitock and freight at New Orleans during the summer months is closely 
connected with the operations of the Mississippi Jiiver inspection serv- 
ice, and is still more important, inasmuch as absolute perfection of the 
former, were this attainable, would supersede the necessity of further 
inspections above. Unfortunately, such perfection is not attainable, but 
there may be an approximation to it, and the agency which secures this 
has a value which cannot be overestimated. This branch of the i)re- 
ventive service, during the summer of 1881, ha.s been under the direction 
of Dr. 8. E. Chains, whose vigilance and energy have been unremitting, 
and have been productive of beneficent results, as will appear by the 
facts cited in his report. (Appendix 11.) 

The consideration of the several recommendations contained in his 
report, and the appendices thereto, will engage the attention of this 
Board at the approaching annual meeting in December. 

INTRODUCTION OF SMALL-POX INTO THE UNITED STATES. 

At an early period of the summer, the health authorities of Xew York, 
Michigan, Indiana, Illinois, Iowa, Minnesota, and Wisconsin, being im- 
pressed with the evidences of the alaiming prevalence of small-pox in 
the Western and Northwestern States, met in conference at Chicago, on 
the 29th and 30th June, to consider what measures should be taken 
to prevent further importations of the disease and to stamp out the 
existing local epidemics. It was conclusively shown that the disease 
was for the most part introduced by emigrants from Europe taking pas- 
sage at ports where it was known to exist, and where, consequently, 
persons coming from the interior were exposed to the contagion in cheap 
lodging-houses immediately before sailing. Owing to the length of the 
period of incubation the disease is seldom manifested until after the emi- 
grants have passed quarantine inspection at the ports of arrival and 
have proceeded thence to their several destinations in the Western 
States, where they initiate local epidemics in numerous localities. 

The conference passed resolutions calling upon the National Board of 
Health to aid the State health authorities, in conformity with the pro- 
visions of the act of June 2, 1879, to prevent the introduction of con- 
tagious and infectious diseases into the United States from foreign 
<*ountries, and from one State to another. The executive committee 
accordingly felt constrained to call a special meeting of the full Board, 
in order to revise the rules and regulations heretofore approved by the 
President of the United States for securing the best sanitary condition 
of vessels, including their cargoes, passengers, and crews, coming to the 
United States from any foreign port where any contagious or infectious 
diaease exists, and to make such modifications as wonlil serve to render 
regulations available for the prevention of the introduction of 
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small-pox into the country. They had been originally prepared with 
reference to other infectious diseases. It was also desired to consider 
the propriety of reporting to the President the fact that there is no 
adequate provision by State or municipal legislation, in any of the ports 
of the United States, for the effective application of preventive meas- 
ures against the introduction of small-pox, and of soliciting his inter- 
vention in the manner prescribed in section 3 of the same act 

At this special meeting, held July 28, the Board found the evidence 
of the frequent importation of the contagion by emigrants from Europe 
to be fully conclusive, and that the consequences were such as to jus- 
tify the demand made by the health authorities of the States referred 
to and to call for prompt and energetic action. Accordingly the Board 
adopted a revised system of rules and regulations to be observed at 
foreign ports for securing the best sanitary condition of vessels, including 
their cargoes, j)a8sengers, and crews, coming to the United States from 
such ports, the principal feature of which was the incorporation of a 
new rule requiring the vaccination of all un vaccinated emigrants about to 
embark for the United States from any foreign port or place in which 
smallpox exists. 

At the same time, in a separate communication, the President was re- 
spectfully requested to approve a draft of "Additional rules and regu- 
lations to supplement the defective rules of local boards of health, in 
respect to the measures to be adopted at the home ports for preventing 
the introduction of small-pox into the United States.^ 

These additional rules and regulations require the vaccination of un- 
protected emigrants arriving at any of the ports of the United States 
from places where small-pox exists, or in the contingency of their refusal 
to be vaccinated, then their detention in quarantine until sulticient lapse 
of time after their exposure to insure their freedom from contagion. 
These i)apers were submitted to His Excellency September 29. 

The several papers alluded to in this statement will be found in Ap- 
pendix 12. 

INTERNATIONAL SANITARY CONFERENCE AT WASHINGTON. 

A joint resolution of the Senate and House of Representatives, ap- 
proved May 14, 1880, authorized the President *' to call an international 
sanitary conference to meet at Washington, District of Columbia, to 
which the several powers having jurisdiction of ports likely to be in- 
fected with yellow fever or cholera shall be invited to send delegates, 
properly authorized, for the purpose of securuigan international system 
of notification as to the actual sanitary condition of ports and places 
under the jurisdiction of such powers, and of vessels sailing therefrom." 

As this joint resolution had its origin in a recommendation of this 
Board, contained in itshrst annual report, it is considered admissible to 
i-efer very briefly to the conclusions of the conference which, with the 
several i)rotocols, have been submitted to the Senate. When these shall 
have been published it will be seen that the scheme adopted by a ma- 
jority of the conference is somewhat more elaborate and cumbrous than 
the plan recommended by the American delegates who represented the 
views of this Boanl. It is also believed to be less likely to be practi- 
cally efficient than the simple measures advocated by these delegates. 
^Nevertheless, if adopted and faithfully executed by the governments 
intereste<l, incalculable goo<l will have been achieved. If objected to 
on the grounds of probable inefficiency or for any other cause, the gov- 
ernments will have an opportunity of considering an alternative propo- 
sitioui which, presented by the French minister in a spirit of compro- 
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mise, approximates in simplicity and capability of easy execution to 
that suggested by the American delegates. 

By one of the provisions of section 4 of the act approved June 2, 
1879, the Board of Health is required not only to make an annual report 
of its operations, but also such recommendations as it may deem im- 
portant to the public interests. For the discharge of this part of its 
duty it is respectfully requested that permission be granted to make 
these recommendations in a supplemental report, to be sent in for trans- 
mission to Congress at an early period of the session. At the last gen- 
eral meeting of the Board the Hscal year for \i'hich the Congressional 
ai)propriation had so recently been made had not get commenced, and 
it was not possible to foresee wants which would largely depend upon 
the incidents of the summer just then beginning. Accordingly no ac- 
tion in this direction was taken at that time. The next general meeting 
of the Board will be held early in December, and its recommendations 
may then be incorporated in a supplemental report, which will be ready 
for transmission in time to be delivered to the Public Printer as a part 
of the general report. 

ESTIMATES AND EXPENDITURES. 

The following statement of expenditures for the year ending June 30^ 
1881, is respectfully submitted. 

Statement of the expenditures of the National Board of Health for the year ending June 30, 
1^1, by quarters and in detailj together with the expenditures from organization of the 
Board to June 30, IciSl. 



On. what aooonnt. 



Floating quarantine on Mississippi River 

Ship IsUnd qoarantine 

Blackboard island quarantine 

Slizabeth River quarantine 

Aid toPensaoola, Fla 

Aid to Pascagoala, Miss 

Aid to Hancock Couoty, Mississippi 

Aid to Harrison County, Mississippi 

Aid to State board of hesltb, Louisiana 

Aid to State board of health, Texas 

Aid to Charleston, S. C 

Havana Commission 

Pay and expenses inspectors at Havana, Mem- 
phis. &c 

Special scientific Investigation .- 

Pay and expeuHes members of the Board 

Storage of tents, «rc 

Printiuj^of the Bulletin of the National Board of 
Health 

Printin jT of blanks, &c 

Pay of clerks, messengers, Ao 

Rent, light, and fuel 

Telegrams : 

Furniture, stationery, &o 

Miscellaneous ex]>esses National Board of Health 

Postage 



S 



S 
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$9,088 39 

11. 737 28 

2, 167 42 

2. 317 75 

3. 193 63 

97 58 

319 35 

353 70 

1,490 00 

125 00 

40 20 

662 30 

5,069 15 
849 73 

2, 559 20 
260 75 

2,147 89 
172 65 

4,430 

212 

00 11 

765 80 

242 80 



$8,339 

10,777 

1,782 

240 

1,066 

71 

300 

413 

411 

150 

1,114 



21 
10 
11 
00 
50 
70 
00 
20 
90 
00 
25 






.o 
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O & CO 



$3, 210 00 

2,016 80 

107 00 

434 65 

120 00 



2,051 00 
1,900 33 
1, 938 08 



1. 822 87 



2, 777 52 
1, 69o 41 
2, 185 15 






$16,489 79 

8, 768 54 

5, 822 78 

254 14 

62 66 






3,704 00 



1,400 25 

5,731 40 

2,163 44 

52 CO 



$38,027 48 

33, 299 31 

10, 479 31 

3.246 54 

4.444 88 

169 28 

619 35 

766 90 

1,901 90 

275 00 

6, 681 80 

662 30 

11, 357 92 

10, 176 93 

8,845 87 

313 35 
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39 
40 



2,131 or» 

58 07 

4. 448 99 

3:t0 80 

89 52 
280 98 
270 03 



Total 1*49, 9ei 53 ♦38,204 91 21.831 26 55.031 76 164,989 49 



1. 285 87 


2, 037 46 


8, 202 27 


38') 35 


315 21 


926 2S 


4,867 10 


4.849 99 


18, 656 50 


340 80 


6ii7 83 


1.51i 83 


36 17 


100 73 


322 53 


279 18 


1, 368 82 


2.694 78 


2:m 12 


408 47 


1,157 48 


30 50 


213 59 


250 09 



*From the date of organization of the Board (April 1, 1879) to Juno 30, 1879, thei-e was 

expended $9,146 41 

•From June 80. 1879, to June 30, 1880, there was expended 266, 782 16 

From June 30, 1880, to June 80, 1881, there was expended 164,980 46 

Total amount expended by the Board from date of organization to June 30, 1881. in- 

Olosive 440,89 803 



•Detail statement of these expenditures heretofore reported to Congress. 
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It should be observed that no part of the contingent appropriation 
of $100,000 which was to be available in the event of an outbreak of 
epidemic disease has been touched. 

It is requested that this amount be reappropriated under the same 
conditions for the next fiscal year. 

The estimates*of appropriations required for the prosecution of the 
work of the Board during the next fiscal year have heretofore been trans- 
mitted to you, and are embraced in the book of estimates of appropria- 
tions for the fiscal year ending June 30, 1883. 

The attention of Congress is respectfully called to these estimates, 
and it is hoped they will receive favorable consideration. 
Very respectfidly, 

J. L. OABELL, 
President National Board o/Medi^ 
T. J. Turner, 

Secretary l^txtianal Board of Healtk. 

4429 N B H 2 
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APPENDIX No. 1. 

BEPOBT ON DIPHTHERIA. 
[By Db8. H. C. Wood and H. F. Fobhad.] 

PREFACE. 

During the spring, snmmer, and autumn of 1880 the work forminff the basis of the 
following report was prosecuted very aotively, and the results oblained were pub* 
lished by the National Board of Health. Last March we resumed our labors, and have 
done all that we conld during the summer. In the winter it is almost impossible for 
ns to get time for original research ; and although the etiology of diphtheriacannot yet 
be considered as thoroughly worked out, it hrs been thought best to present our re- 
port upon what has been accomplished, and in the report to embody that portion of 
the work of 1880 which is logiciEdly necessary to the completed whole. It has also 
seemed tons that our monograph would be much more valuable and effective if we 
should collect the scattered, and to very many physicians inaccessible, literature of 
the subject. We have therefore prefaced the main text with an introauction whidi 
is thought to contain an epitome of all that has been hitherto discovered oonceming 
the relation of low organisms to diphtheria. 

We desire here especially to express our thanks to Dr. P. P. Short, of Ludingtoii| 
Mich. It was only through his strenuous exertions that it became possible to Stadj 
the Ludington epidemic. 



CHAPTEBI. 

bibliographical introduction, 
(a.) in favor of the fungoid origin of diphthbria. 

Obrtel (^Studien Uher Diphtheria, Arztl. InUlligmMhlatt, 1868, No. 31) was the first to 

Seak of micrococci as occurring in diphtheritic pseudo-membrane, and also in the 
ood, the lymphatic vessels, andthe kidneys of persons affected by diphtheria. He de- 
Boribes them as " point-like, dark-contoured, round or oval ^immovable)'' little bodies, 
occuring either isolated or in zoogl»a form. Later {DeutaAes Arohivf, Klin. Medioin,. 
1871, p. §42, and in Ziemssen^s Encyclopaedia, 1874), Oertel desbribesthe diphtheritic fhnffi 
to be spherical bacteria (micrococci, accompanied by a larger or smaller quanti^ 
of bacterium termo). He thinks that they are the direct cause of the diphtheritio 
inflammation ; that long before any false membrane is formed they attack tne mucous 
membrane and induce the disease. 

Oertel experimented as follows : 

First aeriea, — Produced ammonia croup in rabbits; found few or no micrococci in the 
false membrane, and never any in the blood and organs. Hence he thinks that croup 
must be strongly separated from diphtheria. 

Second aeriea, — He inoculated with true diphtheritic matter in the trachea, twelve 
rabbits, three pigeoun, and two chickens ; and prodnceii local lesions and constitu- 
tional aisturbances perfectly identical with those of diphtheria in man ; micrococci 
were found abundant in the bloo<l of the poisoned animals. 

Thirdaeries. — He inoculated rabbits with true diphtheritic matter, placing the poison 
below the skin and in the muscles, with the same results as in the second series. 

Fourth series, — He inoculated rabbits with py»mic pus and gangrenous tissues with 
negative results. 

Fifth series,-^He succeeded by inoculations in the trachea in transmitting the dis- 
ease — 

1st. From man to rabbit No. 1. 

2d. From rabbit No. 1 to rabbit No. 2. 

3d. From rabbit No. 2 to rabbit No. 3. 

4th. From rabbit No. 3 to a piseon. 

5th. From the pigeon to rabbit No. 4. 
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All the animals died with lesions peculiar to diphtheria within thirty to fortj 
horns. 

How the baoteria acts he savs is not known. 

Oertel farther affirms that the quantity of fhnffi present in any case bears a direct 
relation to the intensity of the morbid process; they multiply as the disease advances 
and diminish with its retreat. Also that the special form of fungus is never present 
in simple inflammation of the fauces or in mercurial stomatitis; but that, if the diph- 
theritic process intervenes on these disorders, the fungus at once makes its appearance, 
and quickly diaplaces the more common forms of bacteria which are present. 

NassiiX)ff ( virch&w'a Archiv, vol. 50, 1870), from his observittions and experiments, 
came to the conclusion that the fungi found in diptheria are identical with those oo- 
onring in decomposing animal tissues. His conclusions are : 

il.^ Fungi are always present in diphtheritic membranes. 
2.) The development of the fungi precedes the formation of the membrane, and the 
fhngi are the direct cause of the necrotic changes in diphtheritic inflammations. 

(3. ) The fungi penetrates into the tissues by way of the juice channels and lymphat- 
ics before any changes in those tissues can be observed, so that fungi are the cause of 
the inflammation and the destruction of the parts aficcted. 

HUETER A^ ToMMASi {Med, Central Blaii, 1868, No. 12 and 34). also established by 
experiment the direct causative relation of micrococci to diptheria. They plaoed 
particles of diphtheritic membranes in the muscles of the back of rabbits. Death 
followed promptly within forty hours. The tissues at the seat of inoculation were 
inflamed and invested by very small, roundish micrococci. The latter were found 
also during life in the blood of the infected animals. 

Trendelenburg {Arch. /. Klin, Chirurgiey 1869, vol. 10) put diphtheritic matter in 
the trachea of rabbits and pigeons. He succeeded in producing raise membrane onlv 
in eleven out of sixty-eight experiments ; in the blood of rsibbits inoculated with 
diphtheritic matter he frequently found micrococci, sometimes even in those animals 
in which a distinct false membrane had failed to appear. Frequently, but not always, 
he found micrococci in the blood of children sufiering from the disease. 

Trendelenburg doubts whether the micrococci, as found in the blood of diptheritio 
patients, are peculiar to diphtheria, and does not believe it to be a proof of tne trans- 
mission of diphtheria to animals if at the seat of inoculation a diphtheritic inflamma- 
tion is produced. 

Ebekth (Carreapandens-Blatt der sohweiger Aerzte, No. 1, 1B72) discovered in 1871 
micrococci in the blood and the tissues of persons who had died of diphtheria, but waa 
not able to detect the fungi in the blood or even in the false membrane of patients 
sufiering from true croup. 

Experimentally he succeeded in reproducing diphtheria in animals, which died in 
three days. 

Diphtucria of wounds, Eberth thinks, stands in close relation to pyaemia. PyasmiiL 
he says, ''is a diphtheria proceeding from a wound." The bacteria of diphtheria and 
pyaemia he believes to be identical. 

Letzerich ( Virdhow's ArchiVf 1873, vol. 58) claims to have produced local and gen- 
eral diphtheritic lesions with the fnngt filtered out from the urine of individuals suf- 
fering from that disease. When the dried urine filter, with the pure fun^ on it (all 
other foreign matter having been washed out by means of hot water), were introduced 
into the uninjured mouths or vaginas of rabbi to, diphtheritic pseudo-membranes and 
death followed in from three to five days. 

He describes the fungus as occurring in four forms. 

First. Constituting small balls composed of a hyaline substance, which is colored 
blue by iodine and sulphuric acid, and of small punctiform roundish or elliptical little 
bodies, which may increase until the whole mass becomes very dark. 

Second. Large ualls ^^Plasmakugeln " with a seeming outer membrane. 

Third. Lorge irregular masses formed by the bursting of these balls. 

Fourth. True mycelial filaments which produce spores of a tilletia, and ore named 
by Letzerich Tilletia diphth^tica^ 

Couy (Beitrdge zur Biohgie iter Pfianzen, 1872 and 1873), who regards bacteria as 
algae, classes the diphtheritic plant with the schizo^ihytes ; tribe, sphaero-bocteria, 
and calls it Micrococcus dipththeritixiua. He gives as its specific character: Perfectly 
round, less than one micromillimeter in size ; in multiplying, first forms in pairs, then 
several joints, then chains, and finally zooglaea masses, but never any mycelium. 

Klebs ( CorreapondenZ'Blalt der schweizer Aerzte, 1871, No. 9) thinks that micrococci do 
develop a mycelium resembling Lepiothrix huccallis, hut somewhat thinner or more deli- 
cate than it is. This diphtheritic niycelinm forms on the surface of affected mem- 
branes dense bunches upon which spores are produced. The latter collect in masses 
in zoofflaea form of various size and shape. Between these groups occur free micro- 
cocci (" Monades"), micrococci chains, and rod bacteria. The greatest destruction of 
tissues is produced by the zooglaea. 

Klebs agrees \vith Eberth concerning the identity of diphtheritic and Hei)tic micro- 
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cocci. In his latest pnblication (Archiv fur Experiment, Pathologie, und Therap, Vol. 
4, p. 191), Rlebs describes tbe diphtheritic fnnei as follows : 

Fir8t stage. — Very small micrococci forming in the quiescent state sharply defined 
round balls, the individual micrococci being united in rows or chains and imbedded 
in a very scanty gelatinous matter. 

Second stage, — Peripheral layers of the micrococci balls give rise to mobile bacteria, 
which do not need much oxygen, and have a tendency to i^enetrate into and live within 
the tissues and juices where not much oxygen is present. 

Third stage. — The highest form of development consists in the formation of a my- 
celium in tlie tissues. The threads are never branching, and arrange themselves par- 
allel to one another, covering the outer surfaces like the grass in the turf. Occa- 
sionally mycelium masses mav form in deeper structures of the organisms. 

Professor Klebs also gives the following as peculiarities in the life-history of the 
diphtheritic fungus : 

(a.) They can grow und develop without oxygen. 

(6.) They arc killed only by a temperature of 65° to 70° C. (Not below that.) 

(c.) In themselves they do not develop any foBtid gases. 

{d.) They arc sometimes of intensely yellow color. 

(e.) They may circulate in the blood, but preferably are deposited outside the blood- 
vessels, where they may form mycelial masses. 

They never penetrate into the subi4ances of the epithelial cells, but ^o between 
them (Klebs and Eppinger). They afibrd a distinction between diphtheritic and in- 
flammatory croup. 

M. Cn. Talamon describes a fungus as the true diphtheritic poison, which has a 
remarkable resemblance to a pcnicilluiu. We quot<i from a translation in the Chicago 
Medical Ei-aminer. He says he has cultivated it in damp cells, and that after its evo- 
lution is completed, it appears under the shape of mycolia and characteristic spores. 
These mycolia sometimes appear as long tubes, partitioned from ilistance to distance, 
specially refracting the light, and generally very clear; they an; IVcmii *Z to 4 and 5 
tnousandths of a millimeter wide (.000(H)2 to .0O(M>or)). Wheii the fluids are well con- 
ditioned they stretch extremely, at times branch olV, and these divisions are them- 
selves peculiar ; they form by their slightly incurved branches a figure best compared 
to a lyre or a tuning fork. At other times, the myeelia do not stretch in this way. al- 
though multiplying so as to rapidly cover the siirfact^ of the liquid of cultivation^ 




There are two kinds of spores — round or oval — which may be considered the spores 
of germination, and rectangular spores, which re])resent the last phase of growth of 
the fungus, and which we will call conidia (conidies). These give the species its 
particular character: their shape is rectangular and their size very liable to vary; 
their width varies from ni. .000005 to .000015. Sometimes they are isolated, other 
times they are in grou])8 of 2 or 3 ; often they form beads of 10, 12 or 15 individuals, 
or a small chain in zigzag. Homogeneous at first, they soon become filled with small, 
round bodies, very brilliant, the size of common micrococci, which appear to me as 
the true germ of the fungus. 

The round or oval spores form the mycelium by stretching; they look like bright 
specks m. .000003 to .00005 in diameter, in the middle of granular 'matter, spread in 
sneets of greater or lesser extent, which represent what is called zooglea. The spores 
stretch one of their poles so as to form a tube m. .000002 to .000004 in diameter, which 
branches as above stated. When the lengthening of the mycelium is first begun, the 
space with its prolongation represents a tadpole. Mr. Talamon claims to have pro- 
duced diphtheria in rabbits, guinea ])igs, cocks, and pigeons, by inoculating with this 
fungus, and even soine frogs who were fed upon the fungus i»romptly succumbed to 
the disease. 

(B.) AGAINST A FUNGOID ORIGIN OF DIPHTHERIA. 

Senator (Berliner Klin. Wochenschrift, 1872, Nos. 26, 27, 31, and 33, and Volhmann's 
Sammlung Klin. Vortrdgty 1874, No. 7b) delaines himself decidedly against a fungoid 
origin of diiditheria, on the following grounds: 

Other diseases (»f the mouth and the ])harynx are accompanied by the same micro- 
cocci, which are also found in the mucus between the teeth and in the urine of the 
normal man, uiicrucocci being only the spores of leptothrix bucallis. The diphtheritic 
micrococri do not difier in cultures in any way from those of other origin. 

Experimental proof . — Inoeulations with any putrefying substances have given the 
same local and secondary changes as those i»fo<luce<l by true diphtheretic material. 

Scarlet fever produces precisely identical local lesions in pharynx as those which 
occur in diphtheria. 

Micrococci multiply enormously on account of the fiivorable conditions in the 
pharynx created by tlie deep-seated ulceration : when ulceration is absoiti as in the 
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larynx the micrococci are in only very moderate nnmber; probably the carbonic acid 
is exerting also some antiseptic effect in the latter case. 

Billroth ( UnUr9uchungen ufw VegttaUon$formen der Coooo-haoteria Si^Hca, 4^,, Ber- 
lin, 1874), who investigated the bacteria qnestion exhanstively, came to the conola* 
aion that they are only concomitant with diseases, and expresses himself poaitiyely 
against the Tiew that the different affections are caused each by special forms of bac- 
teria. He says that the so-called pathogenic bacteria of diseases are positively iden- 
tical with those found in putrefying dead tissues. 

Lebbrt CZiemssens Handbuok der aouten InfeotiouskrankkeUen vol. 1, p. 255) is also 
against the fungoid theory, on the Kfound that nothing has yet been proven. 

Wagxer thinks there is a great difference between the human pseudo-membranA 
and the experimentally-produced false membrane. 

Beale (Disease d germs, London, 1872) denies specific fungi altogether. 

Nageli thiuks that all varieties of bacteria are derivatives of one and the same 
species of fungi. 

Dr. Jacobi, of New York, also entirely dissents from the fungal origin of diphtheria. 

Dr. C. Harley (Pathol. Transact., vol. x, p. 315) failed to inoculate animals with 
diphtheritic membraue. 

In a very able study of the subject Drs. Satterthwaite and Curtis (Report of Dr. 
Edw. Curtis and Thos. Satterthwaite to the New York City board of health. New 
York, 1877) are also opposed to the fungal theory, on account of the following fietctB 
and deductions, founded upon their own researches. 

First. The bacteria of diphtheritic membranes do not differ in optical or chemical 
behavior from those found in putrescent but non-diphtheritic animal material. 

Second. They believe the disease produced in rabbits by diphtheritic inoculation is 
not di])htheria, and find that ^'Scrapings from the upper surface of a somewhat fur- 
red tongue from a healthy person" produce, when placed in the cellular tissue of the 
rabbit, symptoms and results exactly similar to those caused by inoculations with 
diphtheritic membrane ; also that inoculations of rabbits with putrid Cohn's fluid 
produce similar results to those. 

Third. Salicylic acid added to the diphtheritic matter does not prevent its action, 
although, as they beUeve, it acts fatally upon the germs. 

[This last objection is not, as it seems, a conclusive reason, for it is very possible 
that salicylic acid may arrest the growth of micrococci without killing them. In the 
experiments of Curtis and Satterthwaite, it was shown that before the injection the 
micrococci did not ftow in the presence of the salicylic acid ; after the injection the 
salicylic acid is undoubtedly removed from the Injected material by being absorbed 
into the system, the micrococci remaining largely at the seat of inoculation. Under 
these circumstances if the micrococci were only benumbed, not killed by the add, 
they would of course soon begin to grow and assert themselves.] 



CHAPTER IL 
STUDIES UPON THE HUMAN SUBJECT. 

In the introductory summary we have given an epitome of the results obtained bv 
all of the investigators as to tne relations of bacteria to diphtheria, with whose work 
we are familiar. In the following pages we will confine ourselves more or less closely 
to our own studies. These have been made from a double point of view, namely, 
clinical and experimental. The first question which naturally presents itself is, are 
the bacteria, which are always i>resent in the false membrane of diphtheria, identical 
in form and size with those which are present not onl^ in the membrane of a non- 
diphtheritic trachitis, but also in the exudation of an mfiamed tonsil T We do not 
hesitate in affirming that it is not possible to deterniine, even with the highest powers 
of the microscope, whether an individual micrococci colony or a moss of such colonies 
have come from the surface of a furred tongue or from an ordinary case of simple 
throat inflammation, or from one of a diphtheritic character. As evidence of this we 
offer the following microphotographs, one taken fi*om an undoubted case of diphthe- 
riik the other from an inflamed throat. 

A second question, no less important than that just discussed is, are bacteria al- 
ways present in diphtheria, or only in some cases T The vital nature of this query 
scarcely requires pointing out ; if bacteria are really always to be found in the dis- 
ease it is very probable that they are at least an essential part of it ; on the other 
hand, if they are only occasionally present it is most probable that they are an acci- 
dent of the affection. 

In attempting to answer the question just propounded we have examined a large 
somber of cases. Without further discussion, we desire once for all to state that 
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every precaution has been taken to make the examinations at once carefal and ex- 
haustive. 

The cases examined are naturally divided into two sets, according to their geo- 
graphical and epidemic relations : one of these sets (No. 1) represents what we may 
be allowed to call endemic or sporadic diphtheria : the other series (No. 2) illmitrates 
true nalignant eiiidemic diphtheria. In the city of Philadelphia there are always 
more or loss numerous cases of the disease of varyinjB^ type as to severity, but at no 
time during our studies has there been anything which could properly be termed an 
epidemic of diphtheria. Cases of set No. 1 were all observed in Philadelphia or its 
vicinity. 

The town of Ludington, situated on Pere Marquette Lake upon the east shore of 
Lake Michigan, in the State of Michigan, is a center for the lumber trade, and an 
enormous amount of sawdust is annually produced there. A part of the town is sit- 
uated upon a high plateau, but the third ward, bordering upon the lake, is built 
upon a swamp, which has been filled largely with the great staple of the place, i. e., 
sawdust. The drainage is so bad that in many places a hole dug a couple of feet in 
the ground soon tills with water, aud only in a small percentage of the houses hasany 
attempt been made to construct cellars. During the winter of 1880 and 1881 diph- 
theria appeared in this low region and spread with such thoroughness that it is said 
scarcely a child escaped nn attack, and about one-third of them died. Dr. Formad 
was sent in the month of June to Ludington aud made studies there of the disease, 
with esi)ecial reference to the micrococcus question. The cases there studied consti- 
tute set No. 2, and may be fairly considered to represent the most malignant form of 
the disease. 

Set No. 1. 

Case I. — Boy, three years old, under the care of Dr. Sohrotz. He took the disease 
simultaneously with two other children, and died on the fifth day, chiefly from asphyxia. 
The membrane appeared first in the pharynx. 

Autopsy. — Blood taken by sealed glass tubes* from jugular vein eighteen hours 
after death contained micrococci ; organs not examined ; &lse membrane firom larynx 
used for culture. 

Case II (Dr. Campbell). — Girl, eighteen years old, with profuse exudation on tonsils 
and pharynx and exteuding into nasal cavity. Blood from finger did not contain 
micrococci. 

Case III (Drs. Griffith, Middleton, and Zems). — Boy, six years old, took the dis- 
ease June 26. Exudation first appeared in the pharynx and arterwards extended into 
the larynx. Blood examined July 1 and July 2, and at 10 a. m. July 4. Contained 
no micrococci. The last examination was made by both of ns, copjointly. Child 
died 12 noon July 4. The cause of death was sufTocation from stenosis of the larynx. 

AutopBify thirty how8 after death, — Blood taken firom juffular by means of sealed 
tubes contained micrococci, both in masses and attacking the white blood cells. 

Ri^or mortis not marked ; no signs of decomposition. Face and neck were of dark 
blueish hue. All the veins of the neck were enormously distended by very dark 
blood. Salivary and cervical lymphatic glands strongly congested ana somewhat 
enlarged. Larynx and trachea were almost completely obstructed by moulds of 
false membrane, the latter extending into many of the bronchi. The mucous mem- 
brane of the upper anterior portion of trachea snowed several shallow necrotic aloer- 
ations. The vocal cords were thickly covered with closely adherent i)8eudo-mem- 
brane. Lungs congested and oedematous ; several hemorrhagic infarctions at the 

geriuhery of lower lobes. Pericardium and pleura congest^ Heart: right side 
Ilea with large ante-mortem clots, extending into pulmonary artery and its ramifi- 
cations. Orifices aud eudocardium normal. Liver, kidneys, and spleen strongly 
congested ; microscopic examination did not show any other lesion than cloudy swell- 
ing, and proved absence of micrococci. Stomach empty, and, like the intestines, was 
much distended by gases, and the mucous membrane of both congested. Other ab- 
dominal viscera normal. Examiuation of tongue, pharynx, and brain was not per- 
mitted. 

Case IV (Dr. GibbH). — Boy, eleven months old, admitted to the Philadelphia Hos- 
pital, July 7, with considerable membrane in the pharynx, and marked febrile dis- 
turbance. The bloud showed abundant micrococci in large vesicles, about twice the 
size of white blood (corpuscles, out of which they were apparently formed. 

July 8. — Blood showing similar appearances as on the 7th. 

July 11. — Child much better. Blood containing few micrococci. 

July 13. — Child well. Bloo<l showing no signs of micrococci. 

Cases V, VI, VII. — Respectively, bov three years old, boy five years old, and girl 
seven years old, treated at Philadelpnia Hospital. The symptoms were abundOuit 

*A Mosll glsM tabe closed at one end wm drawn to a point benneticaUT oloaed whilst hot. The 
sharp point tbruBt into the Jugular vein was broken off and blood drawn np Into the tube. 
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faUe membrane in the pharynx, not extending into trachea, with prostration and 
fever. All recovered. The blood of each was examined twice but no micrococci 
were found. 

Cask VIII. — Boy, nine years old. The membrane in i)harynx was slight, bnt in the 
larynx and trachea profuse. The child dieil, ou the eishth day of tne disease, of 
asphyxia from laryn«^eal stenosis. The blood examiuca twenty-four hours before 
deatn contained no micrococci. No autopsy was allowed. 

Set No. 2 — (Ludinoton Cases.) 

Case I. — Boy, five years old, no strong constitution, died of prostration on the fifth 
(lay of the disease, at which time the false membrano, which at first was profuse, had 
lessened very much, so that th(^re was no serious mechanical obstruction to respira- 
tion. Suppression of urine cume ou thirty-six houi"« b<*foro dt^ath. Tlio blood ex- 
amined during the second day of the diseaKC showed iiiieroeoeci in moileratc quan- 
tity; a few attacking white blood corpuscles. Third day of disease micrococci in 
the blood much more abundant, verj' many of the wliit<'» corpuscles attacked by them. 
Fourth day, masses of micrococci free in ihe blood, the white eorpus<*le8 almost all 
aflfected. Fifth day, blood very dark in ai)pearauce, clotting very rapidly, full of 
micrococci, no white corpuscles free from the fungus. Half an hour before doatii 
blood was taken from the finj^er (which was very cold) ; it was very dark, coagulated 
almost instantly, and oiTered Init few micrococci. It was then taken from the thigh, 
where the temperature was still high, and was found to be gorg(>d with micrococci. 

Autopsy twelve hours after death. — 

Body of livid appearance; no rigor mortis: no ftetid odor; no sigus of decomposi- 
tion. Brain : Sinuses filled with very dark blood containing enormous quantity of 
micrococci. (It was taken by sealed glass tubes before opening of vessel.) All the 
blood vessels of the brain and its membranes congest^^d ; other changes were not nota- 
ble by naked eye nor by microscope. There was some increase of Ifuid in the lateral 
ventricles. The medulla oblongata and a small porti<m of the cord which was removed 
through the occipital foramen did not show any morbid changes. Seek : Lymphatic 
and salivary glands enlarged and highly oongest'Cd. All the hirgo veins highly dis- 
tended. Blood similar to that foundin sinuses of brain. Tongue removed from below, 
intact with the tansilSj pharynx, larynx, and trachea. The mucous membrane of all these 
parts was covered with moderate-sized patches of ]>seudo-membrane which, in some 
places, appeared raised over the surface, in others, showing shallow necrotic ulcera- 
tions. The same was observed upon the vocal cords and the nasal mucous membrane. 
In the trachea the exudation was slight, most marked at the bifurcation, and of darker 
color than in other parts. Lungs : Congested with slight hemorrhagic infarctions in 
lower lobes ; a few of the bronchi contained casts of the exu<late. Heart : Pericardial 
fluid increased ; heart muscle congested ; otherwise normal ; right side contained large, 
white, firm clots extending into pulmonary vessels ; in left side only red clotted blood. 
Mycotic erosions were seen upon endocardium below the pulmonary and the aortic 
valves. Mediastinal and bronchial glands were enlarged and congested. Liver enlarged 
and extremely congested; gall bladder very much distonded with very dark bile. 
Spleen normal size, rather hard in consistency, and showing congestion and hemor- 
rhages. Stwnach showed a few hemorrhagic erosions, and contained only a few drachms 
of a dark semi-liquid mat'ter. The intestines, although of dark hue, appeared normal. 
Kidneys enlarged, strongly congested, and presented the appearance of acute pivren- 
ohymatous nephritis. This was confirmed by microscopic examination, which revealed, 
also, micrococcus emboli in the blood vessels of these organs. The bone marrow, taken 
from a rib, as well as the parenchyma of the spleen, was infested by micrococci. Rest 
of organs normal. The urinary bladder was round empty. 

Case II. — Girl, two years old, attacked June 14, and died on the 24th. Her condi- 
tion had varied much from day to day. The blood was examined daily for micrococci, 
which were always found, but their numbers seemed in direct proportion to the severity 
of the constitutional symptoms ; when the child was worse the micrococci wore very 
abundant. 

Case III. — Boy, seven years old ; recovered. The blood was examined on three suc- 
cessive days of tne disease and micrococci found. 

Case I v. — Girl, three years old. The blood examined on the fifth day of disease was 
found to contain micrococci. 

Case V. — Boy, four years old. Diseased mind. The blood examined the third and 
fourth days of disease was found to contain a few micrococci. 

Case VI.— Girl, four years old ; mild form of disease. The blood was not examined 
until the eighth day of disease, when the child seemed nearly well, and no micrococci 
were found. 

*A small glass tube closed at one end web drawn to a point hermetically cloBed wliilst hot. The 
riiarp pcdnt thraat into the Jaguar vein was hroken off and blood drawn up Into tho tube. 



REPORT OF THE NATIONAL BOARD OF HEALTH. 27 

Case VIL — Girl, eleven years old, mild form of disease. The blood was examined 
once and no micrococci found. 

Case VUI. — Boy, five years old ; grave form of disease. The blood was examined 
on the fifth and sixth day, and found to contain micrococci. 

Cases IX. X, XI, XII. — Four children, between three and twelve years old, in one 
family. All had the mild form of disease ; the blood of each was examined once and 
no micrococci found. 

Case XIII. — Girl, four years old; recovering from severe attack and still much 
affected. The blood contained micrococci. 

Casks XIV, XV.— Girl, seven years old ; boy, nine years old. Both wore conva- 
lescing from mild form of disease, and the blood cont^iined no micrococci. 

The records of the cases just detailed show that in Series No. 1, out of seven cases 
in which the blood was examined daring life for micrococci, in six (Cases II, III, V, VI, 
VII, VIII) no fungi wore found, Avhilst iii one case (IV) micrococci were somewhat 
abundant in the vit iil tluid. These cases, it must be borne in mind, represent the endemic 
mild diphtheria as seen in Philadelphia. The Ludington cases representing the severe 
epidemic form of the disease were fourteen in number. In seven of these (Cases I, II, III, 
IV, V, VIII, XIII) micrococci were found, and in seven (Cases VI, VII, X, XI, XII. 
XIV, XV) none were present. The cases in which there were no micrococci were all 
of them very light, or in the stage of convalescence, and the amount of the fungi present 
in the malignant cases seemed to be proporti(mate to the severity of the symptoms, 
and to steadily i)rogres8 with the disease in the fatal cases. 

The study of these two sets of cases is sufficient to enable us to formulate, as estab- 
lished, the proposition that iii endemic mild diphtheriaf micrococci are always present in 
the part locally diaeafted but are usually not present during life in the blood or in the glandular 
organs, ei'en in casen which prove fatal ; iliat in malignant epidemic, diphtheria micrococci are 
always present in the part locally diseased, and are also usually, and perhaps always to be 
found in the blood and tissues of severe cases, but are frequently, if not usually, absent from 
the blood of mild cases. 

At first thought this proposition would seem to prove that bacteria are not an es- 
sential but an accidental phenomenon of diphtheria. We think, however, that this 
is hardly a warranted deduction. The micrococci are always present in the throat, 
and in the fatal cases of endemic diphtheria noted the death was seemingly producea 
by the local disease, rather than by the infection of the general system. It will al- 
most certainly bo found that where endemic dii)htheria kills by affecting the general 
system, micrococci are to be discovered in the blood. Again, if the bacteria obtain 
entrance through the throat, it is conceivable that they may enter through the Ivm- 
phatics, and may exist iu the interior of the body to some extent before they find tneir 
way into the blood in sufficient numbers to make themselves apparent to the micro- 
Bcopist. Confirmatory of this is the circumstance that in Case III, although no mi- 
crococci were found in the bloo<l during life, they were present in the fluid in great 
num1)er8 thirty hours after death. Under these circumstances it is very important to 
know whether the lymphatics and the blood-making organs are the primary seats of 
infection or not. We are unable to present clinical evi<fonce upon tms point, but de- 
sire to call the attention of investigators to the matter, and may state that in animals 
we have found the spleen and bone marrow especially attacked by the fungus. 

The next question which ofters itself is, are micrococci found in the blood in other 
diseases besides diphtheria ; and, if so, are such micrococci distinguishable from those 
found in diphtheritic patients f On this point we have not facts sufficient to warrant 
posit i ve couclusions. Micrococci must, however, be considered as very rarely present 
m human blood, for we have made a large number of examinations of blood taken 
fjTom persons suffering from various diseases and have only found them in three cases 
other than diphtheria. These cases are as follows : 

Set No. 3. 

Case XVI. — A woman in the lying-in wards of Philadelphia Hospital ; blood exam- 
ined twice during life ; both times micrococci not to be distingnished from those of 
diphtheria were found in the blood. The patient died, but no autopsy was allowed. 

Case XVII. — Girl, eighteen years old, in the wards of the Philauelphia Hospital, 
8uft*ering from scarlet fever with very severe angina, the throat being ftiU of exuda- 
tion. Blood examined three times, full of micrococci, whose abundance progressively 
increased, and on the morning of her death the blood was loaded with them. 

Case XVIII. — A male English emigrant, abouttwenty-oneyearsofage, in the wards 
of the Philadelphia Hospital, suffering fi'om very pronounced typical scarlet fever, 
with intense angina. Blood examined a few hours before death full of micrococci, 
exactly resembling in their form and position those of diphtheria. Autopsy ^ Twelve 
hours after death revealed an acute parenchymatous nephritis without micrococci 
emboli and intense congestiou of the organs. 

If it were established that in various septic diseases micrococci ofslmilar forms are 
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fbnnd, this would not sbow that the micrococci are not the cause of the diaeate; Ibr 
on the one hand it may be that the peculiarities of the various affections are doe to 
peculiar locfd conditions and that the constitutional symptoms, which are alwajys 
much alike, are the expression of a common septicsmia ; and, on the other hand, it is 
also possible that micrococci, which look alike, are really diverse entities. 

On closer examination, however, it will be seen that our studies have failed to 
ahow positively that micrococci similar to those of diphtheria are present in other 
diseases. In our first case it is entirely uncertain as to what disease the woman had. 
She may have been suffering from a diphtheritic infection of the genital organs ; and 
in the two other cases the patients haa throat lesions in no way distinguishable from 
those of common diphtheria; indeed, no less a pathologist than Professor Wagner as- 
serts that the condition in which they were is a form of diphtheria, and describes it 
under the name of scarlatinal diphtheritis. 

In conclusion, it seems to us that our clinical studies do not prove that in diphtheria 
the micrococci are not the cause of the disease, but simply flourish because the disease 
produces conditions that favor thoir growth. All the known facts in regard to the 
clinical history and pathology of diphtheria arc capable of explanation upon the 
theorj'^ of the fungal origin of the disease ; but they certainly do not establish the 
truth of such theory. It is to us evident that the relations of micrococci to diphtheria 
can only be successfully elucidated by experimental inquiry, and that such inqui^ 
must have two directions ; first, a study of the life history of the micrococci ; second, 
an experimental investigation as to their power of producing the disease in the lower 
animals. In the following chanters are given the results we have reached whilst en- 
deavoring to proceed along both these lines of research. 



CHAPTER m. 

PATHOLOOT OF DIPHTHERIA. 

Under this heading we will give the results of our studies of autopsies, the micro- 
scopic examination of organs and a detailed account of our culture exi>eriments of 
bacteria. 

PATHOLOGICAL ANATOMY. 

Diphtheria and nseudo-membranous croup are considered totally distinct diseasea 
by the maiority of clinicians. Some admit a diphtheritic croup, which is to be dis- 
tinffuished from an inflammatory croui». 

The results of experiments (which will be detailed in another chapter) and carefiu 
studies of the anatomy of the lesion do not Justify the above distinction. It will be 
shown that the morbid process which gives rise to the respective lesions in the 
pharynx and in the air passages is the same, and the anatomy of the products identi- 
cal. 

It is easy to demonstrate that the apparent difference in the lesions of diphtheria 
and nseudo-membranous croup, and in the morphology of the exudates is altogether 
conmtioned by and dependent upon the anatomical peculiarities of the pharynx and 
respiratory passages ; and more so yet by the degree of affection. 

The submucous tissue of the pharynx is made up of a loose, highly vascular con- 
nective tissue which does not restrict the congestion of the vessels and the extravasa- 
tion of the corpuscular elements. At the same time, however, the rapidly coagulable 
exudate only partly reaches the surface of the mucous membrane, the bulk of it be- 
ing kept below by the heavy layer of stratified epithelium. 

The submucous tissue of the trachea, on the other hand, is made up of a dense,* 
elastic tissue and a less vascular tissue, backed by the avascular cartilageuous rings. 
Hyperemia and extravasations from the vessels are here limited and only severe 
inflammation will give rise to exudates which are rapidly expelled to the surface by 
the dense matrix, and meeting with no resistance on the part of the single-layered 
epithelial covering, coagulate mostly on the surface. Again, the mucous membrane 
of the fauces and mouth has a squamous not easily detached epithelium, and conse- 
quently membrane connected witli or springing from such surface is firmly adherent. 
The epithelium of the trachea is columnar, ciliated, and detaches with the utmost 
facility, even in normal conditions of the or^an ; hence, membrane attached to it sep- 
arates readily. The membrane of diphtheritic trachitis is always readily detached 
in the line or the epithelium. 

This detachment is, according to Rindfleisch, fiirther facilitated by the excessive 
secretion of the tracheal glands, the liquid forcing itself between the mucous surface 
and the pseudo-membrane. 

We alao observed that the exudation on the trachea, even in the simplest inflam- 
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matory cronp, is met with not only on top of the epithelinm, but also below the lat- 
ter, precisely as in trae diphtheritic angina, only in slighter degree. 

Our preparations show that the exudation of the crupous inflammation excited arti 
ficially in the trachea (see chapter iv), is not merely superficial, but also extends be- 
low the basement membrane, as illustrated in the accompanying cut. 

In cases of artificial croup as well as in those observed in man^ in which the tub- 
mucoM infiltration is prominent, we have seen loss of substance, viz, necrotic ulcera- 
tions similar to those occurring in genuine diphtheritic angina. 

Another distiuguishinj^ point made by authors between the pharyngeal and tracheal 
lesions in question is the independence of their individual occurrence, it being asserted 
that, if a real malignant diphtheritic trachitis occurs, it is only by extension from 
the pharynx downwards into the air passages. It is true that diphtheria usually 
begins in the fauces, but we have observed in several instances the reverse to have 
taken place ; and in two of our rabbits in which an artificial pseudo-membranous 
trachitis was induced the disease extended also upwards, producing a secondary most 
violent pseudo-membranous angina. Finally, as the most important difference be- 
tween diphtheritic and inflammatory croup and between diphtheria and true croup 
some autnorities insist upon the presence of micrococci in one and their absence in 
the other affection. In a later chapter we will prove that this assertion is untenable. 

The frequent absence of the systemic disturbances in the local affections of the air 
passages can likewise also be explained by the anatomical peculiarity of the trachea 
and larynx ; the dense unyielding subcutaneous and oartilageous tissues of these 
parts, their deficiency in blood vessels and imperfect connection with the lymphatic 
apparatus prevents in a great measure the absorption into the svstem of the necrotic 
products, so that either recovery or death from stenosis takes place before a possible 
systemic infection ensues. 

We are not ready yet to report in extenso on the general pathological anatomy of 
diphtheria in man, as our investigation in this direction is not completed. Owing to 
paucity of time our attention was mainly taken up byexperiments upon animals and 
the study of the natural historv of the contagium. Human as well as comparative 
pathologo-anatomical studies should be continued and carried out exhaustively. Our 
opportunities for autopsies in man were limited to two cases of diphtheria, viz, one of 
each of the sporadic and epedemic forms. The results of these are given in chapter 
II (see case III, of Set 1, and case I, of Set 2). The lesions in animals are described in 
the tables of experiments in chapter IV. 

We next will enter upon our studies of the bacteria so closely associated with the 
question of diphtheria. 

MICROCOOOI. 
I.— MORPHOLOOT. 

A. — Beoognitian of mioroooeci. 

Great difficulty is sometimes encountered in distinffoishing bacteria from other 
minute organic and inorganic particles. Certain my oeual threads and vibrios, coag- 
ulated fibrin, and protoplasmic and fat molecules often closely resemble micrococci. 

As this is a question of importance, we will briefly enumerate the various methods 
which we have employed and found serviceable in the recognition of micrococci. 

In zooglea forms the micrococci can be distinguished at one glance by an experienced 
eye, as tne micrococci of an individual zooglea mass are always uniformly of one sise 
and are always at the same distance from one another, in contradistinction to album- 
inous and fat molecules, which vary in size and are at varying distances from one 
pother. 

Isolated micrococci may vary in size, as may also the micrococci in the different 
zooglea groups, some of the latter being made up of smaller and others of larger micro- 
cocci. 

Micrococci may arrange themselves in pairs and in chains ; non-living molecules or 
granules cannot. 

Micrococci are not soluble in strong acids and alkalies, nor in alcohol and ether, as 
are fat and most other molecules. 

Micrococci take the staining well, particularly with hemotoxylin and aniline dyes, 
and the aniline dye cannot so easily be washed out as in the case of animal tissues. 
For this reason sections of tissues may readily be prepared in which only the bacteria 
are stained. Beautiful preparations may also be made by simply treating sections 
which a mixture of glycerine and acetic acid : the micrococci m sach preparations 
become yeUowish brown and prominent amid tne perfectly tranluoent structures. 

Tincture of iodine has proved in our hands an exceUent staining fluid for bacteria 
within tissues. If a section has been first treated with a solution of caustic potaahy 
iodine stains the micrococci deep yellow, while the rest of the tissoe is only slightly 
tinged. 
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ij'f early growth we ouraelvee have in boi 

1 £ our former researches mistaken for n 

S - jiusiil blood. 

= 1 criticism we have, in all onr blood 

^3 tiuna, used the utmost pi«cautianB. 

1^ B. — iforphologg of the micrococci at obiercrd 

.3 n in oasiu of apianmin diphtheria, in t\e local 

|1 oatsi of iporadio dipKtheria, and in induced 

t^ dipihtWia ia aHinialf . 

J J When a diphtheritic false membrane was 

a Sj examined (by teaatng it in glycerine or fresh 

sS aqueounhnuior) under the microscope imme-. 

r'^ diately after its removal from the pharynS. 

a or the air passages, there was seen, besides 

gs the cellular constituents, only one kind of 

o^ bacteria, viz, micrococci. 

■o3 Diphthpritic membrane removed some 

." hours previous to examination or removed 

= 1 post murtem, .in addition to micrococci, 

J , yielded other forma of hacteria describpd 

B I by authorities. Unless the diphtheritic al- 

3-$ terat ion becomes of gangrenous character, 

2 s wo are not able to detect any other bacteria 
1 1 than micrococci. Eberth, wlio describes only 
I. rod bacteria in diphtheria, or those investi- 
•a gators who describe different varieties and 
J niycoUnm of haoterla, probably examined 
^ only membranea removed some time prerl- 

OQidy, orsDoh as were removed post mortem. 

Our experience with a Large immber of 

OMM ia so KbMlnte tliat we believe tbe oo> 
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ourreiice of rod bacteria ia ^)roof that a membrane has began to putrefy. It may be 
that in endemic or mild diphtheria the micrococci have not the power of growth 
that they have in malignant diphtheria, and that conseqnently rod bacteria have a 
better chance to develop than in the membrane of the malignant disease. 

The micrococci were in every case of at least two sizes, according to their stage of 
development, or to earlier or later generation (see cnltnre accounts). The smaller 
ones moHtly infested leucocytes and mucous corpuscles within which they were seen 
dancing in a trembling motion (the appearance has been well compared with flies 
caught in a fly-trap). The larger micrococci were nearly all in zooglaea fonn, or 
inffmtin^and apparently destroying the epithelial cells. The latter fact is not in accord- 
ance with the observation of Klebs and' Eppinger, who assert that the mocrococci in 
diphtheria never infest the epithelium, but merely penetrate between the cells. 

In the blood of patients suffering from the epidemic diphtheria at Ludiiigton, we 
always found micrococci within the white blood corpuscles (never the red ones), or 
in zooglea form, or to same extent free, just as they exist in the membrane. Notably 
the ((uantity of micrococci was always in direct proportion to the intensity and the 
stage of the' disease, au) recorded in the clinical ps^ of this memoir. 

C. — Methods and objects of cultw^e. 

We have employed two distinct methods of culture. The first is that described by 
Dr. E. Klein, of tjondon, in his report on infectious pneamo-ent«riti8, from whose 
paper the following cut is abstracted : 

Fig. I reprewents, of natural size, one of the culture cells. 

A is the object-glass; B 
is the covering-glass, fixed 
by means of a thin lawyer of 
oil uiKin the upper( polished) 
surface of the gloss ring 0, 
which is cemented on the ob- 
ject-glass. The covering- 
glass, which should be as thin as is obtainable, has on its lower snrface the droplet 
D, in which tho fungus has been planted. In using this method the ]ninnt<est speck 
of the infected material is removed with the point of a clean (previously heated) 
needle, and placed in adrop of fresh af]ueous humor of the eye of a healthy rabbit, or 
8tmie thoroughly sterilized culture fluid, on a thin square glass-slip. This is inverted 
and fixed, drop downwards, by means of a thin layer of pure sweet-oil on the glass 
ririjp Hpecimeus. 

The preparation thus mounted was placed in the incubator or ov«n, where the 
temperature was automatically maintained at various points, not below 32^ and not 
above ATP C. In most cases we used a temperature of 37° C. 

Aft^r twenty-four hours the specimen, which we will call the first generation, is 
nsed to cstabliah a second generation in a new drop of culture fluid in the following 
manner: The covering-glass of the above " cell -specimen " is lifted up and, with the 
aid of a fine capillary tube, a minutest quantity is removed from tne edge of the 
droplet. In the accompanying Figure II this capillary tube is portrayed in its nat- 








o 

Fio. U. 

nral size ; the contents of the tube between a and 6 represent abont the quantity that 
is removed from the drop D of the previous specimen. The' capillary tube is then 
filled with culture fluid up to about tne mark c. A new clean covering-glass is taken ; 
on \t% center is deposited a droplet of fluid from our capillary tube, and the covering- 
class is then inverted and fixed with a thin layer of oil on the glass ring of another 
" cell." This new preparation, which represents the second generation, is also placed 
in the incubator and kept there at the above-named temperatnre for twenty-four 
hours. After this time it is used to inoculate another *^ cell-specimen, '' representing 
the third generation, and so on, from generation to generation, until the end of the 
culture. 

The second method employed was that perfected by Dr. Sternberg^, which we believe 
has been already described by him in the publications of the National Board of 
Health. This plan has the advantage over the method of Klein that the ccdtures can 
be made on a larger scale for the purpose of inoculation of animals, bat we have 
found the cell and glass cover more naenil in obaerving'the growth and development 
of the fungus. 
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The following objects were put in cultivation : 

Sporadic dipntheritic peendo-membrane, fresh and dried. 

Epidemic diphtheritic pseudo-membrane, dried only. 

Fragments of spleen and kidney from epidemic diphtheria, dried. 

Pseudo-membrane from artificial croup, produced oy ammonia. 

Blood frt>m diphtheria. 

Blood from septicemia. 

Blood from scarlatina. 

Gangrenous matter from foot. 

The most extensive and satisfactory cultivations were made with dried diphtheritio 
matter. The culture experiments with fresh Ludinrbon material were imperfect, as 
it was impossible for us to carry them on systematically in that town. Perfectly sat- 
isfactory results can be expected only when cultures are made in localities where epi- 
demic diphtheria ravages, and the material can be put into culture perfectly fresh. 

As a medium for the culture of the diphtheritic fungi the following fluids were used 
with the best results: bouillon of chicken or rabbit, perfectly sterilized by protracted 
boiling ; ascitic fluid whenever there was opportunity to put it in sealed tubes im- 
mediately after tapping; aqueous humor, wnich is drawn from living animals by a 
little sharp-pointed pipette, as represeuted in Figure II, with great facility. Other 
culture mediums, such as solution of gelatine, egg albumen, Pasteur's fluid, solution 
of dextrine, and simple sirup were also tried, but with less satisfactory results. 

As control experiments the culture fluids were usuiJly tested by placing sealed oells 
in the incubator for twenty-four hours, but no organisms developed in successful cells 
or tubes. 

D.^BIOLOOT OF THB DIPHTHERITIC MICROCOCCI AS OB8BRVSD IN CULTURE. 

If a minute particle of f^h diphtheritio matter or some scraping from tongue be 
put into a drop of pure culture fluid in a cell flxed in a manner as described, there are 
seen under the microscope a few epithelial scales infested by micrococci averaging in 
size TrbnT) ^^t sometimes reaching a maximum of ttott? of an inch, aod a few leuco- 
cytes filled with minute micrococci, which on account of their extremely small size 
and their trembling motion within the cell cannot be measured ; the surrounding 
liquid is clear, and will remain so for from six to twelve hours if kept in a cold room ; 
but after having been placed for one single hour in the incubator at a temperature of 
40^ C, slight clouds appear around the particles in the droplet. 

Observed under the microscope and watched for a few hours, the micrococci are seen 
to undergo the folio wiuji^ changes : 

The micrococci contained in the leucocyte after a period of slight but very active 
movement, during which they look as if tney were eating up their foster nurse, pass 
into a quiet state. They now completely fill the corpuscle, which appears to burst, 
and the whole internal mass escapes as an irregular glass-like body full of quiet uni- 
form micrococci of about jnhru of an inch in diameter, the whole constituting the so- 
called " zooglaea masses.'' Often the collapsed vesicle was seen lying alongside of 
such a mass just escaped from it. 

The finer micrococci and those infesting the epithelial cells have grown larger and 
acquired a yellowish-ffreen color. Some of them can always be seen to be under- 
going the process of division, which is better studied, however, a little later. 

After twentv-four hours the zooglae masses can be seen to be breaking up and set- 
ting free small individual micrococci. The larger micrococci have in the meanwhile 
elongated ; some of them resemble in appearance short rod bacteria, whilst others of 
them are constricted in the middle like the figured. The latter forms have a pecul- 
iar trembling motion as if they were making an effort to separate the two parts. 
Except in the case of the peculiar vibration already noted inside of the leucocytes and 
this trembling before division, we have found the micrococci always motionless. 

The aureole of mucous substance surrounding the isolated micrococci, particularly 
well described by Pasteur and Sternberg, is well marked at this stage. In color the 
larger micrococci are somewhat greenish-yellow, while the smaller ones are colorless. 

£fter the lapse of forty-eight hours multiplication is seen to have continued, and 
to be occurring in micrococci originally derived from the balls. A large number of 
micrococci are observed elongated or in pairs, and also a few are arranged in fours so 
as to resemble a sarcina, and in chains. Ajfter this no further multiplication will oc- 
cur, unless new culture pabulum is added. In a second generation the multiplica- 
tion will proceed in a very vigorous manner so that within twenty-four to forty -eiffht 
hours a fi^h droplet of culture fluid to which only a few micrococci have been added 
on a pin is completely filled out with millions of mostly round micrococci. The dif- 
ferent forms of grouping are best expressed on the second and third day of culture. 
Vigorous multiplication continues also in the third and fourth generation and ocoa- 
aionnlly in the mUi, but in later generations up to the eighth the rapidity of multi- 
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plication gradually subsides and is hardly perceptible in a ninth or tenth generation, 
it is said by some authorities that micrococci kept for a while in a culture tube will 
dimiuish in quantity and even disappear ; we caunot affirm this from our own experi- 
ments. Micrococci may cease to multiply, but in mauv instances a diminution in 
quantity had not been perceptible even aft«rthe lapse of months. 

The a\)Ove history refers to micrococci from true malignant diphtheri a ; in the case 
of cultures of tongue-scrapings the micrococci ceased to multiply as early as the third 
generation, and frequently in the second generation their growth was very slow. In 
addition, in tongue-scraping, some leptouirix threads frequently accompanied the 
micrococci in the lirst and second culture, and, as well as in diphtheritic culture, 
bacterium termo made occasionally its appearance in early generations, hut it pnmpily 
dUappeared if the temperature in the incuhaior went for a while to 40° and did not aner- 
wams sink below 35°. Later generations in successful cultivation remained always 
clean in well-regulated temperatures and never showed any kind of mycelial fungi. 
Cultures with sporadic Philadelphia diphtheria gave results very similar to those 
achieved with tongue-scrapings ; the micrococci possessed some, but not very much 
more vitality or proliferating power, their growth usually ceasing in the fourth gen- 
eration . 

In re^rd to temperature we can affirm from our own culture experiments the fol- 
lowing interesting facts with sx>ecial reference to diphtheritic micrococci. 

The micrococci multiply best at from 37° to 40^ C; higher temperatures up to 7(P 
C. do not destroy them tint only partly arrest their multiplication, which returns, 
however, if the 70° is again reduced to 40° or 35°. 

Fungi other than micrococci, if met with as an admixture in our culture, perished 
at a temperature above 50°, and proliferated well only at 30° C. and below. Too low 
temperature frequently spoiled our cultures, for if any spores of rod bacteria were 
present they usually developed and displaced the micrococci. In high temper- 
atures, however, the micrococci are stronger and displace easily the several kindjs of 
bacteria we observed in impure cultures. 

The diphtheritic micrococci do not seem to need a large supply of oxygen for their 
ffrowth { they even appear to multiply better when distant from surfaces in contra- 
aistinction from the bacteria of putremction. 

In culture tubes the diphtheritic micrococci are always seen as a precipitate. If 
there is any mycoderma at the surface it is always a sign that the culture is impure, 
as the bacteria found on the upper surface are always rod bacteria and bacilli, with 
very few micrococci. This property renders them ee^pecially fitted to flourish in 
dense membrane and in deep tissue where the supply of^ oxygen must be very small. 

In the following tables are given, in sufficient detail, the several series of cultiva- 
tions which we have made. 

II.— CULTURE EXPERIMENTS. 

FIB8T SERIES. 

Diphtheritic fal9e memhrane/rom the cases of Dr, H. AUport, Philipsburgf Pa,, probably 
mali^noHi diphtheria, — ^Twenty cultures were made, being carried on only to tmrd gen- 
eration. The course and the results of the individual cultures, with t^e exception of 
a few failures, were so uniform that the whole series may be recorded in one table. 
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All the caltures of this series yielded crops of pure micrococci. No other bacteria 
interfered in successful tubes. Mycelial fuogi were never observed. 

SECOND SERIES. 

Endemic diphtheritic matter obtained from time to time in Philadelphia, — ^Twenty-five 
cultures were made and all the mentioned culture fluids were tried in this series up 
to a fourth generation. The comparative values of the culture fluids were referred 
to before. 

The general results of the culture experiment were similar to those of the first 
series up to the second generation. In the third geueration the micrococci already 
began to fail in growth and multiplication, and the fourth generation yielded a still 
poorer crop. The cultures were occasionally impure — the rod bacteria supervened. 

The regulation of the temperature was sometimes defective during the experimenta- 
tion with this series on account of imperfect working of the mechanism of the incu- 
bator. Sometimes the temperature fell down to W^ during the night, and it was 
frequently observed that roil bacteria made promptly their apx>earance in large num- 
bers during such intervals and spoiled the cultures. The same occurred with clean 
cultures when heat was suspended pur]posely for several davs. Those culture tubes, 
however, which were subjected to a uniform temperature of not below 37° C. did not 
show any invasion of rod bacteria, and the growth of micrococci continued in the 
manner described. 

The careful measurement of the micrococci in this series, which was best accom- 
plished by measuring the chains of micrococci, revealed a size oiYi^hnf ^ tt^t of an 
inch in diameter, the latter size relating more to micrococci in zooglea form. The 
torula chains were usually made up of the smallest micrococci, approaching in this 
respect to those of the micrococci balls which we have proven to be form^ by the 
invasion of leucocytes by micrococci. 

THIRD SERIES. 

Thirty cultures were made with matter other than diphtheritic, being carried on 
to the fourth generation. Although the matter used was of the most diverse charac- 
ter, such as ammonia croup (croupous exudation produced in a trachea of a rabbit 
by ammonia), slough from gangrene of foot, from septicaemia and scarlatina, yet the 
results in culture were nearly all identical. 

One and the same thing gave at one time an excellent crop of micrococci if tem- 
perature of the incubator was kept up high enough and pains were taken to keep 
the culture pure ; at another time, and with the same culture fluid, the same tube 
showed only a few micrococci, but rod bacteria in abundance. This could be nearly 
always traced to low and irregular temperature of the incubator. In some cases, 
after the replacing of the micrococci by rod bacteria, the tubes were subjected to a 
high temperature for several days, when the bacteria disappeared while the micro- 
cocci did not reappear, so that the liquid was left clear. But even in successful cult- 
ures the growth and multiplication of micrococci were observed to be prosperous 
only to the second or very rarely to the third generation. In later generation the 
fungi j^rew scantily. 

In size, shape, and color, as well as in the mode of grouping, the micrococci were the 
same as those from the diphtheritic pseudo-membrane. If this was not the case in 
one generation it invariably was so in the next. 

FOURTH SERIES. 

Twenty-five cultures were made with epidemic diphtheritic matter from Luding- 
ton, and were carrie<l on to the fifth generation. The results were identical in every 
one of the successful cultures, and tlie record of one experiment holds good for all 
the rest. 

Neither rod bacteria nor mycelium could be detected at any time of culture. One 
of the culture-tubes did not show any change in appearance when examined two 
months later, it having been kept during the whole time in the incubator. 
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FIFTH SERIES. 

Forty caltnres were made with epidemic diphtheritic false membrane received from 
Ludington per express, and were carried to the 10th generation. The membrane was 
in a semi-dry conoition and showed under the microscope the following morphologi- 
cal elements : Epithelial scales and leucocytes both infested by clouds of micrococci. 
The micrococci were of two sizes, larger ones of a greenish color measuring about Trhnr 
of an inch in diameter) and smaller ones not exceeding j^hm of an inch. There were 
also seen some rod bacteria and bacilli, and also a number of bundles of mycelial 
threads resembling leptothrix, of greenish color, united together at one end but sep- 
arated at the other. These extraneous organisms disappeared, however, in proper 
culture. 

Particular pains was taken to have alwa'jrs a uniform temperature in the incubator 
and not exceeding 37^ C. The results obtained were nearly identical with tboMP in 
the fourth series. Only these cultures were conducted up to the 10th geuK^^^AXto, 
and a larger proportion of impure culture were encountered here, mostly dependent 
upon thermal conditions. The record of one of the many uniform and succesafhl 
culture experiments reads as follows : 
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Neither mycelium nor rod-bacteria were observed in succeasful cnltoreSi except in 
the early (first and second) generation. 

NoTE.—Animals were inoculated with third and fifth generation of these cultures, 
without success. 

SIXTH SERIES. 

CuUivaHan of tongue-acraping. — To test the behavior of the micrococci from the mu- 
cous membrane of the tongue in cultures, five experiments were made and carried to 
the fourth generation. In every experiment a result was obtained that the prolifer- 
ating power of these micrococci was very weak in comparison with those of the diph- 
theritic exudate. Only in the second generation they multiplied rapidly and precisely 
in the same manner as the diphtheritic micrococci, and in this generation they are 
morphologically i>erfectly identical with them. 

SEVENTH SERIES. 

Pive cultures were made with epidemic diphtheritic matter which had been for two 
months exposed to air and light, frequently to the direct rays of the sun. The results 
of the culture were surprising, as it was found that the micrococci of this dried mem- 
brane had loet a great deal in their proliferating power. In the second generation a 
moderate crop of micrococci were obtained, whilst in the third generation very slow 
or hardlv any multiplying property could be observed. 

This shows distinctly tnat the same diphtheritic micrococci which in the fourth 
eeries of cultures had a vigorous power of growth and multiplication had lost greatly 
these properties (simultaneously with the loss of virulence upon animals). 



CHAPTER IV. 
THE NATURE OF DIPHTHERIA. 

The exi>eriment8 which we have made upon the lower animals with diphtheritic ma- 
terials have been in two seta. 

First. Those with membrane taken from cases of the endemic diphtheria of Phila- 
delphia. 

Second. Those made with materials obtained from the epidemic diphtheria of 
Lndington. 
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There are recorded in the table lust given thirty-two experiments, in only six of 
which the animals died, unless killed accidentally or otherwise. The time between 
the dates of death and of the last inoculation was. Experiment 4, six days ; Experi- 
ment 6, seventy hours ; Experiment 11, fifteen days ; Experiment 16, eleven days ; 
Experiment 23, thirteen days ; Experiment 25, two days. The question naturallv 
arises as to whether the few animals in which the inoculation was followed by deatn 
died of diphtheria or of some other disease. Of these fatal cases there were only two 
in which a strong suspicion of septic poison could fairly be entertained ; death was 
too long delayed. In one of these. Experiment 25, the animal died two days after 
the third inoculation, but it had been first inoculated 52 days previously, and was 
very tubercular ; so that the last inoculation may have had nothing to do with the 
fatal result. In Experiment 6 no bacteria were found except in the lungs, no faJse 
membrane existed anywhere, the lungs were full of hemorrhagic infarctions and the 
peculiar long-continued convulsions are not a symptom commonly seen in septic dis- 
eases of the rabbits. There is therefore no proof that the rabbit died of diphtheria or 
of septic poisoning ; it is probable that the wound of the larynx brought about the 
fatal result. 

In only one of the fatal cases were there any exudations present in an^ organ which 
could give rise to the slightest suspicion that the animal died from diphtheria. In 
this case. Experiment 16, there was only a catarrhal inflammation of trachea [with 
an exudation] which presented some of the characteristics of false membrane. In 
none of these cases were micrococci found in the blood. There is therefore little rea- 
son for believing that the rabbits died from diphtheria or even from septic poison- 
ing. Of what, then, did they die f 

A study of the post-mortem reports will show that in nearly every case the internal 
organs were tubercular and in many cases intensely so | also, that tubercular disease 
was found in the organs of those rabbits which were killed some days after inocula- 
tion. It is therefore a very natural belief that in those cases in which death was long 
delayed it was due to tuberculosis. In order to discover whether the diphthe- 
ritic exudation acted specifically in the production of tubercle, or whether it merely 
set up a local inflammation which formed a focus of infection, we experimented by 
patting under the skin of rabbits small masses of innocuous foreign matters. 
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It will be seen that in five out of nine of theee experimentB tubercle was found after 
death ; this larj^e proportion apparently demonstrates that a simple local inflammation 
may in the rabbit act as a source of tubercular infection. Now, when in our first ex- 
periments rabbits were inoculated with diphtheritic matter, inflammation was almost 
always induced at the seat of the lesion, with the formation of large lumps containing 
cheesy matter. These facts bein^ so, it is a fair deduction that the tubercles were 
secondary to these inflammatory toci, and were therefore an indirect result of the in- 
oculation. ^ 

These experiments, although not iierhaps as numerous as they ought to be, seem to 
warrant the deduction that inoculation with materials taken from patients suftering 
from the endemic mild diphtheria of Philadelphia frequently producer a secondary or 
indirect tuberculosis in the rabbit, but very rarely if ever causes any disease in the 
rabbits comparable to diphtheria in man, or even any septic disorder ; of course the 
experiments do not prove that malignant cases of diphtheria may not occur in Phila- 
delphia and have difterent relations to inoculation. 

The method by which Trendelenburg asserts that he succeeded in producing diph- 
theria in rabbits consitii in placing the exudation matter in the trachea. We natur- 
ally have suspected that the membrane when placed in the trachea produces sim 
ply a trachitis. This suspicion has been strengthened by the observation that acute 
pseudo-membranous tracuitis and angina occur in rabbits. Such an epidemic de- 
stroyed, during the winter of 1879, a number of rabbits kept by one of us in a pjer- 
fcctly clean place. The rabbits first showed sickness by refusing food^ examination 
then detected swelling of the tonsils with exudation. There was a high fever with 
increase of the local symptoms until the animals became entirely unable to swallow. 
Death occurred in from three to seven days, preceded by great difficulty of breathing 
and profound exhaustion. False membrane was abundant in the moutli and trachea, 
and on examination showed aU the characteristics of diphtheritic exudation. 

In order to determine whether the tracheal inoculation of rabbits with diphtheritic 
membrane taken from the mild type of the disease will cause pseudo-membranous 
trachitis, the following exx)eriments were performed : 
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The experiments which are recorded in the last table show that ammonia is able to 
produce in the cat and dog as well as in the rabbit a pseado-membranous trachitis. 
Professor Oertel states that the membrane produced by the cauterization of the 
trachea differs from diphtheritic membrane in containing no bacteria. What has led 
biiu to such an assertion we cannot comprehend. When the death occorred very 
quickly bacteria and micrococci may have been less abundant in the traumatic mem- 
brane than in that taken from the throat of patients, but when the animal survived 
6omo days and the bacteria had sufficient time to develop themselves — when, in other 
words, they were afforded as good opportunity of growth as in the natural disease— 
they were immensely abundant, in some cases seeming to make up a larse part of the 
bulk of the membrane. A priori we would expect this result, since we nave demon- 
strated that there is no physical difference to be found between the micrococcus of 
the mouth and the micrococcus of diphtheria. When, then^ traohitis, under the in- 
fluence of the irritant, is set up and exudation poured out, it seems a neoessi^ that 
the miorocooens shall rapidly spread in the soil tnns provided for it. To see whether 
organic irritants other than diphtheritic exudations will prodaoe a pfloado-mem- 
branons traohitis, the following experiments were performed: 

4429 N B H — -4 
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Iq looking oyer the last table, it will be seen that in two of the ten experiineoti 
pseudo-membranous trachitis was caused by the introduction of organic matter into 
the trachea. In both of the cases in which false membrane was produced the ifljected 
material was pus ; and it will be noticed that only four such experiments were madSi 
so that the proportion of successfol result is very large ; larger, indeed, than with 
true diphtheritic exudation in our experiments. 

T^ndelenbureh found that not only ammonia but also various other chemical irri- 
tants are capabfe of causing the formation of false membrane in the trachea. Many 
years since it was proven that tincture of cantharides will do the same thin^. It 
would seem, therefore, that in the trachea the formation of a pseudo-membrane is not 
the result of any peculiar or specific process, but simply of an intense inflammatioii 
which may be produced by any irritant of sufficient power. The experiments so far 
detailed seem to establish the following propositions : 

First. That H is difficult to produce in the rabbit a rapid septic disorder with ike matier 
taken from ordinary cases of so-called diphtheria as we see them %n Philadelpkia, 

Second. That tracheal inoculations with this matter will sometimes cause a pseudo wtsm- 
kranous trachitis. 

Third. That both septic animal matter and ncn-crganic irritants placed in the frsdbis 
cause pseudo-membranous trachitis which we have failed to distinguish from dipMhariUo Irs- 
ehitis, the membrane in both cases containing micrococci. 

Fourth. Hie occurrence of a false membrane in the trachea is ^ result not of the epeoyie 
eharacter but of the intensity of the inflammation. 

Section B. 

bpidbmic diphthbbia. 

After studying the subject of endemic diphtheria^ we next made trial of matorial 
from Ludington, and with very different results. 
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Au examination of the records Just given shows that the Ludington diphtheritic 
matter acted as a very deadly poison upon the animals inoculated with it. In three 
rabbits, portions of tne membrane were placed in the trachea with uniformly fatal 
results (Experiments 63, 64, 65). In three rabbits (Experiments 68, 69, 70,) mem- 
brane placed under the SKin or in the muscles acted as promptly as did tnat inserted 
in the trachea. The experiments in which the inoculation or membrane had no effect 
were those in which the poison was placed upon an open surface where it was liable 
to be washed off. Such were Experiments 66, 67, and 71, where the va^na and mouth 
were selected. In Experiment 72, the membrane was more or less imperfectly re- 
tained in position by sewing the eyelid over it, and the result was somewhat doubtful. 

In two instances (Experiments 73^ 74,) instead of using membrane we employed 
minute pieces of kidney for inoculation, and with precisely the same effect, namely, 
rapid death with characteristic lesions. Injections of minute quantities of olood ana 
saliva into the veins (Experiments 75, 76, 77) gave, however, entirely negative re- 
sults, with one very doubtful exception.* 

It will be seen that the effects produced were entirely different from those which 
were obtained previously with Philadelphia matter. The results of the two series of 
experiments may be summed up in. a few words, as in the following proposition : 
Wkiht inoculation of the rabbit with false membrane from endemic or ordinary Philadelphia 
diphtheria is rarely foUotved hy rapid syetemio infecHon, the placing of material from oaeee of 
malignant epidemic diphtheria in the trachea or under the skin is usually fatal ; theoharaeter^ 
istic post-mortem lesions consisting in the presence of micrococci in the bloody and someHmes 
also in the internal organs, along ioith severe injlammation at the point of injury, where there 
is produced an exudation resembling diphtheritic membrane, and crowded with micrococci. 

The question which naturally arises at the present Juncture is : Is the affection pro- 
duced in rabbits the same as diphtheria of man 7 Any one who has carefully studied the 
able, though not sufficiently Known, pamphlet of Drs. Curtis and Satterthwaite, will 
a^ee with us in believing that they obtained in some cases results similar to those 
which were yielded bv the Ludington material, but in other instances effects like 
those produced with ^Philadelphia diphtheritic material. The portion of their text 
relating to this matter is so important that we quote it in full : 

**In the above described disease we failed to see anything speciffcally resembling 
dipbtheria as it occurs in the human subject. The whole story seemed to be one (^ 
local irritant poisoning, which always tended towards the production of an abscess 
at the site of inoculation, with greater or less concomitant nypersemia, ecchymoses, 
and serous infUtrution of neighboring tissues, according to the degree of virulence of 
the inoculated ])oiHon. According, also, to the severity of the primary lesions, the 
animals would die or survive the immediate effects ; and according to the secondary 
history of the mass infiltrated with leucocytes — according, namely, as the mass was 
reabsorbed or softened and ulcerated — the animal survived unaffectea, or slowly wasted 
away and died of exhaustion. But it might, not without reason, be arguea that a 
rabbit is a widely different animal from a man, and that a disease inducea by subcu- 
taneous inoculation might naturally differ in its manifestations from the same occur- 
ring idiopathically ; hence, that the described affection of rabbits mi^ht still be true 
diphtheria, although wanting in the specific characteristics of that disease as seen in 
the human subject. To determine this point we proceeded to try if effects similar to 
the foregoing would follow the inoculation of a material resembling diphtheritic mem- 
brane in its anatomical and chemical character, but yet not only not diphtheritic, 
but even incapable of proilucing any noxious eflect under circumstances where diph- 
theritic membrane often proves highly infectious. Such a material presented itself 
in the scrapings from the upper surface of a somewhat ' furred ' tongue from a healthy 
person. Tnese scrapings, while obviously not infectious when brought in contact 
with the pharyngeal mucous membrane, yet contain anatomical elements of sinular 
character, and in similar vital condition, to those of the diphtheritic membrane. 
They also swarm with countless bacteria. 

'* Such scrapings, inodorous when fresh, acquire a peculiarly offensive foetid smell 
even within a few hours. Inoculations with this pulpy material were then made in 
the usual way, with the following results: Three animals were inoculated with the 
matter freshly removed. Of these, one died between the fourth and fifth day with a 
lump in each thigh, in all resx>ect8 similar to that produced by the diphtheritic inoc- 
ulation. One died on the fourteenth day, with similar lumps, which had softened 
and ulcerated ; and the third on the twenty-fifth day, with widely extended burrow- 
ings of pus and secondary peritonitis, tour other rabbits were inoculated with 
tongue-scrapings, twenty-four hours old and foetid. Of these, the first developed a 
large lump of the usual character in twenty-four hours. This was then removed entire 

'There is some rea«oii for siupecting that a primary local dlaeaae is a necessity in the production of 
diphtheria, and that injections of diphtheritic matter into the blood will not cause the disease, unless 
by embolic arrest and formation of local depots of infection. Experiments upon this point are much 
Deeded, and we hope to make them at some future time. 
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for study, and the animal Borvived with no farther lesion. The other three i^nitniilff 
were let alone ; all developed the usual lesions, and all died on respectiyely the fifth, 
nineteenth, and twenty-fifth days. A third series of two rabbitis were inoculated 
with the mixed scrapincs of five successive mornings, which were exoeediuffly offen- 
sive to the smell. One died on the sixth day with the usual lumps, but as uiib was a 
youuff animal from a litter some of which died without having been experimented on 
at all, it is an open question whether or not the death in this case was due to the in- 
oculation. In the other rabbit lumps developed, which ulcerated and discharged 
foul matter. The animal suffered also in its general health, but ultimately recovered. 

** These series of experiments thus developed the important fact that certain non- 
diphtheritic and non-infectious matters will, when inoculated upon the rabbit, pro- 
duce a disease closely similar to, if not identical with, the disease caused by the in- 
oculation of diptheritic membrane, and one, also, eq^ually fatal in its effects. But in- 
asmuch as tongue-scrapings are open to the suspicion of containing some peculiar 
poison derived from the animal body, we determined to experiment with a substance 
which should be free from such objection, while still resembling diphtheritic mem- 
brane and tongue-scrapings in the matter of beins putrescent and swarming with bac- 
teria. We accordingly chose Cohn's fluid, which nad passed into a state of decom- 
position. This fluid is simply a solution in distilled water of ammonium tartrate, 
potassium phosphate, and magnesium sulphate, to which also a little calcium phos- 
phate is added. Upon exposure in a warm place, bacteria appear in this fluid in 
great numbers, and out of the salts present new compounds are formed of a strongly 
putrid smell. Inoculations were made with this putrescent material, as follows : Two 
animals were inoculated in the usual way with the pulpy sediment formiug at the 
bottom of the bottle, and obtained by straining the fluid. Both developed the usual 
purulent lumps, but with little attendeut irritation or constitutional disturbance. 
In both, the lumps gradually disappeared by absortiou and atrophy, and the animals 
survived. Four rabbits were inoculated by hypodermic injection with the lower 
stratum of liquid in another sample of the decomposed fluid. Lumps, as usual, formed 
at the site of each injection ; one animal died on the tenth day, the other three sur- 
vived. Four rabbits were injected hypodermically with the upper stratum of liquid 
in still another sample. Lumps again appeared at each inoculated spot, but tliey 
were small, and all the animals survived. The same procedure in four other rabbits 
with a fourth sample of fluid produced like effects in three of the animals, but in the 
fourth no lumps discoverable by feeling the spot could be found. Fourteen animals 
in all were thus inoculated with the putrid Cohn's fluid. Thirteen of them devel- 
oped lesions identical in appearance with the characteristic lesions from inoculations 
with diphtheritic membranes and tonsue-scrapings, but the collateral effects were 
not so severe, and only one animal died from the effects of the inoculation. In short, 
then, putrid Cohn's fluid, inoculated upon the rabbit, poisons after the same manner 
as the diphtheritic membrane, though not to the same measure. 

**It would seem, therefore, that the disease produced in the rabbit by inoculations 
of diphtheritic matter is not only not specifically diphtheritic in character^ but not 
even peculiar to the diphtheritic infection ; since a disease essentially similar, if it 
be not pathologically identical, is producible, though in variable intensity, by inocu- 
lations of material at once non-diphtheritic and non-infectious to human mucous 
membrane, and even, it may be, not of animal origin. This fact being apparently 
establishea, the important corollary follows, that pathological and pathoj^enetic con- 
clusions drawn from the effects of diphtheritic inoculations of the rabbit do not, of 
necessity, applv to the disease, diphtheria, as it appears in the human subject. The 
many current hypotheses in the premises, therefore, which rest* upon such animal 
experimentation, are built upon a quicksand. 

** This conclusion being accepted, it was plain that to attempt to elaborate the 
pathology of the diphtheritic process by study of the rabbit's inoculation disease 
would be a waste of time, and all thoughts of the same were accordingly abandoned. 
But though the inoculation disease is not necessarily nor even probably diphtheria, 
yet it is possible, and indeed probable, that the poisonous element in the diphthe- 
ritic membrane, which will produce diphtheritic infection in man, is the same kind 
of thing as that which produces the inoculation disease in the rabbit. Hence it 
seemed to us to be a useful research to try to discover the nature of the infecting 
principle, whether of diphtheritic membrane, tongue-scrapings or Cohn's fluid, which 
produces the inoculation disease." 

Notwithstanding the shrewd reasoning of the authority just Quoted, the correctness 
of their conclusion does not seem to us established. The fact that something else be- 
sides diphtheritic membrane will produce in the rabbit symptoms similar to those 
caused by the membrane does not disprove that the disease developed by the diph- 
theritic inoculation in the rabbit is diphtheria ; it may be that putrid tongue-scrapings 
are capable of acting as a diphtheritic infective matter. In a previous chapter we 
showea that the micrococci of such tongue-scrapings are not aistinguishable from 
those of diphtheria. Moreover we have proven that almost any substance placed 
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under the skin of the rabbit is capable of producing death, and that snch death is 
preceded bv the formation of cheesy lumps ; the membrane of malignant diphtheria 
kills the raobit rapidly without producing these lumps ; evidently tne tongue-scrap- 
ings, Ac, used by Curtis and Satterthwaite, acted like the membrane from our Phil- 
adelphia cases, and did not cause true systemic infection. 

On the other hand, if we examine the general constitutional symjitoms exhibited 
by the systematically infected rabbit we find they are a progressive failure of strength, 
with fever, such as are seen in the man suffering from diphtheria. If we examine the 
local symptoms the similarity is even more close, a membrane not to be distinguished 
by the microscope from that of diphtheria in the trachea, or if the inoculation has 
been made in the muscle a local exudation similar in all its elements to this mem- 
brane. Drs. Curtis and Satterthwaite seem to rely upon the fact that in inoculated 
animals membranes do not form, except at the point of inoculation. We do not think 
this cogent. The cases of diphtheria in whicn membranes form elsewhere than at 
the original point of disease are certainly in the minority in man ; and according to 
the best modem pathologist it is probable that these secondary formations are the 
result of secondary local infections and are not the direct result of the constitutional 
disturbance. Would any one deny that a case of disease in a child was diphtheria 
because membrane did not form elsewhere than in the throat f 

Finally the post-mortem lesions are not to be distinguished in the rabbit dead of an 
artificial diphtheritic trachitis and a child dead of malignant diphtheritic trachit is. 
As therefore the poison is the same in the rabbit and in the man, as the symptoms in- 
duced are very similar and the post-mortem results identical, we are forced to believe 
that the disease produced by the inoculation of the rabbit with malignant diphtheritic 
membrane is essentially diphtheria. 

Before considering frirther the nature of the diphtheria poison we will report some 
exx>eriments which we have made to determine whether it is possible to pass the 
disidase from rabbit to rabbit. 
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lliese experiments certainly rLow that the membrane obtained from inooolated 
rabbits is capable of causing death ; but they also indicate that its toxic power is not 
as active as that of the ori^nal Ludington diphtheritic membrane, since omitting 
Experiment 79 as doubtful, in half the cases tuberculosis, and not acute systemic in- 
fection, was induced. It will be further seen that this result approaches somewhat 
that obtained with the diphtheritic membrane from Philadelphia, and that we most 
consider that the poison grows less active by transmission througn the rabbit. 

The question now presents itself squarely before us, what are the relations of the 
micrococci which exist in diphtheria to the disease f Are they the poison of the dis- 
ease, or in other words are they capable of producing it f The absolute, final answer 
to this question can only be made by producing disease in the animal by micrococci 
isolated from the remainder of the diphtheritic poison. The difficulties to be over- 
come in such an attempt are very apparent. Three classes or lines of experiments at 
this Juncture present themselves: 

First. The study of the influence of filtration upon the poison as contained in the 
diphtheritic membrane. 

Second. The study of the action of the isolated micrococci as they are to be obtained 
from urine. 

Third. The study of the action of micrococci raised in culture chambers entirely 
away firom the original poison. 

In regard to the first of these methods, it is plain that the attempt must be to filter, 
as completely as possible, out all solid particles from membrane, rubbed up with 
water ; and also that if it be found that the filtrate is innocuous and the matter re- 
maining on the filter still poisonous, the logical deduction is simply that the poison 
is particulate and not soluble. It is impossible by this method alone to progress fur- 
ther and prove that the micrococci, and not the bits of fibrin, white blood cells, &c., 
are the materies morbi. 

Under the present head we have no new facts to offer. We have lacked apparatus, 
time, d^c^ especially a sufficient supply of diphtheritic membrane to carry out the 
work. The deficiency is, however, of little importance, on account of thtf thorough, 
careful labors of Drs. Curtis and Satterthwaite, from whose pamphlets we quote in 
extenso, 

** The next point to be determined was whether the poisonous principle is in solu- 
tion in the fluid of the inoculating materials or whether it resides in the solid ele- 
ments of the same. For this inquiry aqueous infusions of the infecting matters were 
filtered and comparisons made of the effects of inoculation of the filtered and un- 
filtered fluids, flltrations were made through various thicknesses of ordinary filter- 
ing paper and also through porous clay. The experiments with paper-flltered fluids 
were as follows : An infusion of diphtheritic membrane was made and filtered through 
a double paper filter. The filtrate, which was clear and odorless, was ii^ected hypo- 
dermically into three rabbits. All survived, two without even any local lesion, but 
the third with a large lump of the usual character, containing living bacteria, upon 
one side. None of the animals seemed to sufler in general health. At the same time 
the unfiltered infusion was injected into three other rabbits, and all of them died be- 
fore the end of the third day with severe lesions." 

*^ As may be at once seen, the general result of the above inoculations was that pa- 
per filtration tended to diminish the poisonous virulence of the infusions. But the 
experiments were not thorough, for the filtration was insufficient to entirely remove 
certain of the solid constituents (bacteria) from the infusions. The difficulty was 
that, from the small quantities of diphtheritic membrane at our disposal, we could 
never obtain a large enough bulk of strong infusion to permit of repeated paper fil- 
tratioUf such as alone would separate, with reasonable thoroughness, allthe sofid ele- 
ments of the infusion. We wore forced therefore to turn to other infectious infus- 
ions, where the requiHite bulk of fluid could be had to test the matter thoroughly. 
We accordingly took Cohn*8 fluid and filtered it as follows, fresh filters being used at 
each successive filtration : Twice through single filters of ordinary gray filtering 
paper ; twice through double filters of the same ; once through a triple^ and once 
through a quadruple filter ; and, finally, thrice through quadruple filters of fine white 
filtering paper. The final filtrate, instead of the milky appearance of the original fluid, 
was but faintly opalescent, and, what was interesting and suggestive, had entirely 
lost the strong putrid smell of the non-filtered fluid. Under the microscope (one-tenth 
inch immersion objective of J. Beck) the fluid appeared perfectly clear, except that 
about half a dozen small bacteria were to be found in each microscopic field. This 
filtrate was then injected into four rabbits, four other rabbits at the same time re- 
ceiving injections of the unfiltered fluid. The latter animals all developed the usual 
lumps at each site of injection, but all those iniected with the filtrate remained abso- 
lutely unaffected. No lumps whatever could be felt upon the thighs at any period : 
and, to make sure, the skin over one thigh was snipped on the fourteenth day, ana 
through the ** window" thus make the whole subcutaneous territory was thoroughly 
inspected. Not the slightest lesion was to be found ; it could not have been told that 
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the region had been inoculated at all. Here, then, we seem to have positive proof, so 
far as the experiments went, that thorough paper filtration wonld remove entirely 
the infectious element of the putrid Cohn fluid. But here the following possible 
source of error was acutely pointed out by a friend. During tbe very numerous fil- 
trations above described, the fluid, falling slowly from the funnel drop b^ drop, had 
been submitted to a venr thorough reratlon as well as filtration ; and, since it was 
conceivable that the inrectious element might be a volatile chemical compound, it 
might be that in the experiment the innocnousness of the filtrate resulted from dis- 
sipation of a volatile principle by the aeration, instead of separation of a solid ele- 
ment by the filtration. 

** To determine this point, a funnel was plugged with a rubber stopper pierced with 
a small hole, through which fluid could pass only slowly and drop oy drop. Some 
putrid Cohn's fluid was then passed througb this funnel as many times as the number 
of filtrations of the sample used in the last described experiment. This aerated but 
nnfiltered fluid was then injected into four rabbits, four other rabbits being at the 
same time iniected with the ori^nal fluid fre«h from the bottle. Lumps were pro- 
duced at each site of injection m the rabbits treated with the aerated fluid, exactly 
as in those injected with the non-aerated. This test experiment thus removed the 
possible flaw in the evidence obtained by the filtration injections, and left no doubt 
that by the separation of solid elements of infectious infusions by thorough filtra- 
tions. the infectious principle tends to be removed. 

" Further corroboration was attbnled by experiments with a putrid infusion of calfs 
liver. Injections of the nnfiltered infusion produced lumps as usual, but the fluid, 
when filtered, even through a single filter, failed to produce any effect. 

** Simultaneously with the above-described experiments with paper filtrates, injec- 
tions were practiced with some infusions filtered through porous clay. To obtain 
such filtrates, a porous clay battery cylinder was made use of. A piece of wide rub- 
ber tubing, connected with an exhausting syringe, was slipped over the closed end of 
the oylinaer, and by exhausting the air in the tubing a little of any fluid in the clay 
cylinder would be drawn through the bottom of the same, of course suffering very 
perfect filtration in the passage. Infusions of three separate diphtheritic membranes, 
a sample of putrid Conn fluid, and the infusion of calf's liver, already mentioned, 
were severally thus filtered. In all cases the filtrate was perfectly clean, entirely free 
from odor, and, examined microscopically with a iV ii^^h lens, apparently totally 
devoid of all solid elements of any kind. The three filtered diphtheritic infusions 
were severally injected into three, two, and again two rabbits, the filtered Cohn^s 
fluid and liver infusion each into a single rabbit. Not the slightest sign of a local le- 
sion or of any constitutional disturbance followed any of these injections, while in 
all cases the nnfiltered infusions were found upon injection to be more or less virulent. 

" These various experiments thus seemed to demonstrate beyond reasonable doubt 
that the infectious element in diphtheritic membrane, putrid Cohn's fluid, and the 
like, is separable by filtration from an aqueous infusion. And when the filtration is 
thorough, as by means of a clay filter, the removal of all noxious principles from the 
infusion is apparently absolute. From this fact the inference may be fairly drawn 
that the infectious principle orprinciplee is resident in some solid element or elements of the 
gross material, and cannot be separated therefrom to any recognizable extent by the action of 
cold water," 

It is hardly possible that any one can read this lengthy extract without being con- 
vinced of the correctness of the experiments made and conclusions drawn. Personal 
acquaintance with one of its authors makes us sure that the experiments were care- 
fully performed and accurately reported. We considered it fairly established that the 
poison of diphtheria is solid and particulate, , 

As already stated in some detail in our bibliographical review, Dr. Letzerich has 
found that if the clear urine of a patient suffering from diphtheria be run throngh 
paper filters, and these filters afterward washed so as to remove all possible soluble 
contaminating matter and then dried, a paper is procured full of micrococci^ but con- 
taining no other of the urinary elements except it be minute traces of epithelium, 
&c. This prepared paper Dr. Letzerich found to be as poisonous as is diphtheritio 
membrane. 

In repeating these experiments of Dr. Letzerich we did not wash the filters before 
inoculation, so that our experiments may not seem to be as conclusive as they other- 
wise would be. When, however, it is remembered that the poison has been shown to 
be insoluble, solid, and particulate, it is plain that the failure to wa^h the filter loses 
its importance. 
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Eighth aeries, — With filter taken from urine. 
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Jane 23 
Jane 23 



Kabbit. 
...do*. .. 



.. .do... 
...do... 



Inooalation. 



Vagina, with- 
out erosion. 
Filter i>aper 
in month 
scarified 
and tied 
up mouth. 



Filter paper 
aslaet. 

Filter pat 
under slcin 
of thigh. 



Beeult. 



Negative. 

Died June 
25, about 
86 hours 
after in- 
oculation. 



Negative. 

Died daring 
night of 
June 25. 



Autopsy and microscopical examinations. 



Antopsv some hours after death. Blood taken 
by tuoes from the Jugular vein tuH of micro- 
cocci in large numbers, both tree and in zoo* 
slaea masses. No membrane in M. M. mouth, 
&rynx. or trachea. Lungs pale and collapsed. 
Liver fUll of small abscesses. Other organs 
normal. No micrococcus emboli found in or« 
gans. 



Autopsy some hours after death. Blood fiill of 
micrococci ; white blood corpuscles ftdl of mi* 
crococci ; numerous balls of them in blood and 
Booglaea masses also. At seat of inoculation 
a sloughing ulcer covered with diphtheritic 
exudation with much oedema around it. Liver 
with pyasmic abscesses. Other organs normal 
and not containing micrococcus emboli. 



The experiments J ost reported show that the filter paper loaded with micrococci 
from the urine is even more poisonous than the membrane itself. It will bo remem- 
bered that in no case did we succeed in inoculating with the membrane placed in the 
mouth of the rabbit ; yet one out of two experiments with the filter paper was suc- 
cessful. No vaginal inoculation with any kind of diphtheritic matter has in our hands 
succeeded, so that the failure of £xx>eriment 83 goes for nothing. In the only remain- 
ing trial tne paper with the micrococci was placed under the thigh and death oc- 
curred in less tnan three days, the blood being crowded with micrococci and the in- 
ternal organs markedly affected. 

In order to determine whether ordinary urine contains any solid material poisonous 
to rabbits, we inoculated four of these animals with filter-paper, through which had 
been passed large quantities of normal urine. In one instance the paper was placed 
in the trachea, throuffh an artificial opening ; in the other rabbits the pellets were 
pat in the muscles. None of the rabbits were sickened. The tracheal wound healed 
rapidly. 

The force of the urine filter experiments seems to us very great. The amount of 
other solid particles in the urine was so small that it is very improbable that the 
solid particulate poison which caused the septic»mia was other than the micrococci. 
As the experiments have been performed by tnree observers (Letzerich and ourselves) 
their correctness can scarcely oe challenged. They seem to us to prove that the mi- 
crococci are either the poison, and by their growth enter the tissues and destroy the 
blood corpuscles, or else that they by the processes of growth in the body produce a 
poison which is the true materies morbi, or else that they are saturated with the poi- 
son and act'as carriers of it. 

Our next series of experiments were made to determine whether it is or is not pos- 
sible to produce diphtheria with the artificially cultured micrococci. In them a piece 
of blotting-paper, which had been moistened with the culture fluid containing growing 
micrococci, was placed in the tissues or trachea of the rabbit. The experiments are 
as follows: 

Ninth series, — Culture inooulaiums. 
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Time. 



Aug. 8 

Aug. 8 
Aug. 8 

Aug. 9 



Animal. 



Babbit. 



...do... 
...do — 



...do 



Inoculation. 



Fifth genera- 
tion of Lud- 
inffton matter 
in trachea. 

As last 



.do. 



Fifth genera* 
tion from 
Ludington 
matter in 
thigh. 



Besnlt. 



Died Aug. 9. 

Died Aug. 23. 
Died Aug. 26. 

Died Aug. 24. 



Autopsy and microscopical exami- 
nations. 



Autopsy some hours after death. No 
micrococci in blood ; no looal or other 
lesions. 

Autopsy. Trachea heiided. No micro- 
cocci In blood. 

Blood examined Just before death; no 
micrococci in it. Autopsy, pneumo* 
nia. 

Autopsy some hours after death. No 
lesion in solid tissues ; no micrococci 
in blood. 
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yinUi Beries.— Culture inoouUiHan9 — Continaed. 
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Time. 



Aug. 
Aug. 9 
Aug. 9 
Aug. 9 
Aug. 9 
Aug. 16 



Aug. 15 
Aug. 16 

Aug. 15 
Aug. 15 

Aug. 15 
Aug. 16 



Aug. 15 
Aug. 15 

Aug. 15 

Aug. 15 
July 18 



Animal. 



Babbit. 
...do ... 
. . .do ... 
...do... 
. . .do . . . 
...do ... 



..do 
...do 

..do 
...do 

...do 
..do 



.do 
.do 



.do . . . . 

.do . . . . 
.do 



Inoculation. 



Aa laat 

...do 

...do 

....do 

....do 

Inoculated in 
the muade of 
the thigh with 
thiid genera- 
tion Cuding- 
ton matter. 

...do 



.do 
.do 



...do 

Inoculated in 
trachea with 
third genera- 
tion or Lud- 
ington mat- 
ter. 

...do 



.do 



Inoculated with 
the eeoond 
generation of 
the diphthe* 
litio master in 
the thigh. 



Result. 



Negative 

Died Aug. 27. 
Negative 

.'.'.'.'.'. do '.'.v.... 
do 



do 

Died Aug. 28. 



NegatlTe 

Died Aug. 29. 



Negative 

...r.do.. 



do 

Died Aug. 17. 



Died Aug. 28.. 



Died Aug. 28. 
Died July 21 . 



Autopsy and microscopical exami- 
nations. 



Autopsy. (General tuberculosis. 



Autopsy some hours after death. No 
micrococci in blood. 

Autopsy some hours after death. Gen- 
era! tuberculosis. 



Autopsy some hours after death. No 
micrococci in blood. Croupous pneu- 
monia. No pseudo-membran e in 
trachea, but a simple caturhal traohi- 
tis. 

Autopsy. No micrococci in blood; 
croupous pneumonia; other organs 
normaL 

Autopsy. No micrococci in blood ; gen- 
eral tuberculosis. 

Kood examined just before death ; con- 
tained micrococci in considerable 
Siantity , infesting white blood corpus- 
es ana also some firee. Autopsy im- 
mediately. Filter paper still m posi- 
tion surrounded by an inflamed area, 
but no pseudo-membrane. Liver does 
not contain abscesses ; marrow of bone 
oontaining micrococci both in the 
cells and free ; other organs congested, 
but no microooccQS emooli. 



An examination of the records of these experiments shows that there is only one 
in which it can he poeitively affirmed that diphtheria was produced by the inocula- 
tion with cultured micrococci. This was the experiment lOB, made with the second 
generation. All the experiments made with the third and fourth generations failed. 
or at best yielded doubtful results in that after death no distiuctiye evidence could 
be found of the existence of false membrane at the place of inoculation or of micro- 
cocci in the blood. Fortunatelyi in experiment 108, the result was decisive ; and in 
a case like the present one positiye experiment is not to be overcome by many nega- 
tive trials. There is, however, a special reason whv all the expenmeuts, save the 
108th, should have proved unsuccessful. The diphtherrtic matter was two and more 
weeks old at the time of inoculation, as our first studies were naturally directed to 
the morphology of the micrococci under culture. It will be shown later on in our 
memoir that the fungus must have lost some of its vitality. Moreover, we allowed 
the cultures to grow longer than we should have done. Cultures rapidly made with 
fresh materiid would probably be effective beyond the third generation. 

It has been established by the labors of Pasteur (address before the lutornational 
Medical Congress, 1881) and others that fungal organisms are capable of losing their 
noxious powers under altered conditions of cultivation. For reasons, which shall be 
detailed hereafter, we believe that this is eminently true of the micrococcus now 
under consideration. Failure, therefore, to produce diphtheria with the third gener- 
ation of cultivated micrococci from old stock is no evidence that the micrococci is 
not the materies morbi of diphtheria. The explanation of such failure is probably 
to be found in the tendency of the micrococci to relapse into its next stage or state 
under the more or less defective conditions of artificial cultivation. Then, again, we 
are convinced that quantity is a very important factor in the action of the diphtheritic 
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1 an actJTC *t»Kf , trot that also it 
ittbe place of inoonlation. Tlie cultivated plant exists 
D vety minnte amount as compared witli the natnral plant, and in our culture inc 



alatioos the amount of the plant inserted into the animal waa very small as compared 
iritik the mass inserted where membrane or kidney was employed. What«yer may 
b« the explanation of thA negative results with the third Konerations, it is certain 
that we have produced diphtheritic septicKmla with second Keueration's culture, and 
-we believe that future rsBCarch will confirm this, and show that injcrocood cavudiph- 
tktria by (Mr power of /oradig Ikair teay into the linua and bj/ their own (tcocMir« vilalit]/ 
oraraoming tkt vitalUn of thote lianet, chatiging their nuiritivt j)T00t4*«», dettroipng tketA, 
and jknally gatHng into the Mood itidf, dettroging itt vhilt corpMcle* and obtiruottng thi 
oiroK latum. 

Whilst this is our oplnioi , 
positively proven that the i 
simply the camera of the poison. 

A very important practical point to which ^Te have paid some attention is as to 
whether dipntheritic matter loses its infective power. Cnrtis and Satterthwaite af- 
firm that their lesearches show "that there is no relation between inocnlable viin- 
lenoe of a membrane and the time after detachment that has elapsed hefore the 
material is nsed for inoculation." The only proof that they offer for this proposition 
is, however, the fact that membrane three days after removal was found by them as 
Motive as that Just taken off. Surely this is a very slender foundation for so large a 
seneralization. Our time was for some months so closely oooupied with the utoie 
unmedlate necenitiM of oui work that we were not able to make any experiments as 
to when the membrane begins to lose its activity, bntthefollowingexpenmentaabow 
that after a time the membrane evenif keptperfectly^rydoesnoIloBeitscontagiona 







1 


x^i.^ 




Rwidt. 


^^ 


icn 


AOf it 

+"• s 

m 

Sqil 11 
S«pl U 

B«pt.l> 


Babbit. 


IMed dlpbtbfr 


Negative 








::::3;::::-.::::: 






















U4 


;::|::: 


::::do """:":" 


::::S :;■:::::: 


"..s,a«s.Sas™* 
















bnne In moi- 

I»?tod'k!dnejiii 
mawilH. 

trachea 








...-do... 














DiedOtt. 1... 

NegotiY. 


Antop*; tome hoan Bfter Ai*tk Vo 
miciwocol tn blood ; do Hvere tr»h. 

MT«e donble pufomonl*. Rut of 
orgsas nunual and no mlcrococol 

iDocolaUoDS. I. <..nbbitabi>dDoClK«n 
previouily UMd. 




-t- 

















leexperimi 
badTorigi; 



The diphtheritic e 



__ ._ nofthisw . , 

they had lost their power of rapid growth and were as sluKSTi^h as plants taken from 
a fiirred tongae — a farther evidence of the cloae connection between the power of 
growth of the micrococci and the infectious properties of the membrane containing 

In finally considering the natnre of diphtheria the facte which have been established 
•hoald be carefnlly thought over. They may be stated as follows : 

The micrococci of diphtheria do not differ, so far as observed, from then' 
of fiirred toogne, Ac, except in their tendency to grow in culture fluids. 
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The micrococci of furred tongue or ordinary Bore threat have a less tendency to grow 
under culture than have the micrococci of endemic non-malignant diphtheria. 

The micrococci of endemic or non-malignant diphtheria have a much less tendency 
to jzrow under culture than have the micrococci of malignant diphtheria. 

The rapidity of growth of the micrococci is in direct proportion to the malignancy 
of the case yielding them, and its contagiousness. 

On exposure to the air diphtheritic membrane of the most virulent type loses its 
contagious power ; and the micrococci pari pas9u lose their power of growing in culture 
fluids. 

Under successive generations of artificial culture the diphtheritic micrococci lose 
their growth, activity, and also their i>ower of infecting the rabbit. 

It has not been experimentally directly proven, but it is a necessary inference from 
the two facts Just stated, that under certain favoring circumstances the sluggish 
micrococcus puts on growth — activity^ and, in all probability, poUonoua properHM. 

Every grade of case can be found in man from an ordinary sore throat, through 
simple pseudo-membranous angina and trachitis, up to malignant diphtheria. 

Any inflammation of the trachea of sufficient intensity may cause the formation of 
a pseudo-membrane. 

A case may begin as one of sthenic *' pseudo-membranous croup'' and end as one of 
adynamic " diphtheria,'' with blood-poisoning ; and in cases of this character not in- 
frequently no exposure to contagion is discoverable, and there is clinically every 
reason to believe that the blood-poison has been developed within the body of the 
patient. The theory of the disease which we would deduce frt>m these facts is that 
the micrococcus, wmoh directly or indirectly causes the diphtheria, is not a specific 
organism different from that common to healthy and inflamed throats, but is an active 
state of that organism ; that certain circumstances outside of the human body are 
capable of throwing this common micrococcus into this condition of active growth 
and engendering an epidemic of diphtheria. When diphtheria is thus epidemic the 
micrococci light upon a throat, and if the throat have httle resisting power, as in the 
child, inflame it or increase a catarrh already existing into a violent inflajnmation, 
and also rapidly enter the blood and cause systemic poisoning. On the other hand, a 
catarrh in a weakly subject may in the beginning be simply an inflammation from 
cold, but the ordinary micrococci in the throat or mouth, favored by the special con- 
ditions, ACf may gradually change from the dormant to the active state, and by and 
by act upon the t&oat, and at last force their way into the syst-em and a self-gen- 
erated diphtheria be formed out of a '^ cold." 

It has already been abundantly ^oven that there is no specific character detectable 
in the micrococci of diphtheria. The history of wounds infbcted with diphtheritic 
poison and of those infected with hospital eangrene lends fhrther countenance to the 
Idea that diphtheria and certain other sepnc mseases are really different manifesta- 
tions of the one affection, the difference in symptoms depending rather upon the dif- 
ference in the location than in a difference of the nature of the septic process. In 
order to test this we have made a few experiments. The coming on or our winter 
work has, however, prevented our investigating the matter further as we otherwise 
should have done. The experiments performed are as follows : 

Eleventh seriee, — Inoculation with gangrenous matter. 
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125 
126 


Angiut 28.... 
August 28 — 


Kabbit 


Inoculated in trachea 
with matter taken 
from a case of 
spreading gangrene, 
which destroyed the 
foot of a man in the 
Philadelphia hospi- 
tal; it was foil of 
microGocoL 

A • the last 


Died Sept 2, 
after snflbr- 
Ing 2 days 
wiui severe 
trachitis. 

Babbit wa s 
ill, bnt re- 
covered. 


Blood ftill of micrococci 
indistingaishable 
from those of diph- 
theria; trachea; in- 
flammation with 
false membrane; 
liver fiill of collec- 
tions of micrococci; 
other organs not ex- 
amined microscopic- 
ally. 









We do not claim that these experiments are sufficient to establish the identity of 
diphtheria and other forms of local gangrene, but they certainly favor such a belief. 
And we would respectfully suggest to the National Board of Health the great neces- 
sity of further research, especially upon the relations to diphtheria of scarlet fever, 
pysemia, ervsipelas, and various septic diseases in which micrococci that seem to be 
similar to tnose of diphtheria occur. 

Univebsity of Pennsylnania, October 1, 1881. 
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APPENDIX No. 9. 

SPECIAL REPORT TO NATIONAL BOARD OF HEALTH— EX- 
PERIMENTAL INVESTIGATIONS RELATING TO THE ETL 
OLOGTOF THE MALARIAL FEVERS. 

By George M. Sternberg, Surgeon^ U, 8, A, 

Having been instracted by the National Board of Health (letter dated Washington, 
D. C, Febroary 4, 1880) to repeat the experiments of Klebu and Tommaei-Crudeli, 
made in the yioinitv of Rome — ^as a result of which they announce the discovery oi 
a Bacillus wuHarim — ^by a comparative study, made by the same methods^ in a recog- 
nized malarial locality in this country, I devoted my time almost exclusively to this 
work during the months of September, October, and November of last year (1880). 

Before recording my own experiments, I shall give some account of the experiments 
of KlebA and Tommasi-Crudeli, so that the reader may judge of the nature of the evi- 
dence upon which their conclusions are founded, and of the bearing of my own in- 
vestigations with reference to these conclusions. 

By the Jdndnees of Dr. John DeU'Orto, an Italian physician practicing in New Or- 
leans, I am now in possession of a translation of the entire memoir, (Studi sulla Na- 
tnra della Malaria, Roma 1879,) from which I learn that I did not fully appreciate in 
advance of my own experiments the value attached by these gentlemen to certain 
evidence which to me seems to be unreliable and secondary in importance as compared 
with the temperature curve^ which, I think it will be generally admitted, must be 
our main reliance for estabbshing a diagnosis of malarial fever, especially in the case 
of an animal which, aprioriy we would scarcely expect to find susceptible to the in- 
fluence of the malarial poison. 

It seems to me that nothing short of a paroxysmal fever, exhibiting marked period- 
icity as to the recurrence of the paroxysms, and a sufficient number of them to re- 
move the suspicion of apparent periodicity n*om accidental causes, can be accepted 
as proof in an experimental investigation of this nature. 

I do not find such proof in the temperature charts of Klebs and Tommasi-Crudeli 
(Plate 1), nor do I find it in my own charts (Plate 2), and my observations give me 
little confidence in changes in the dimensions of the spleen, the presence of black 
pigment and an increase in body weight, as evidence of malarial infection in an ani- 
mal which, so fSar as we know, is not susceptible to the influence of the malarial poi- 
son when exxK)sed to it in the usual manner in which it manifests itself among the 
human inhabitants of a malarial region. 

In order, however, to do these authors justice, I shall quote from their memoir 
sufficiently to enable the reader to Judge for himself of the nature of the evidence 
upon which they rely. 

I may sa^ in advance that the memoir of Klebs and Tommasi-Crudeli shows a care- 
ful ana painstaking attention to detaOs, and a manifest desire to be accurate and 
precise in the statement of facts, which indicates a truly scientific spirit, and induces 
me to accept, without hesitation, the experimental dato which they have recorded, 
although lam obliged to differ with them as to the value of the deductions which 
they have drawn from their researches. 

ExtraeUfrom memoir ofKlehs and Tommaai-CrtideUj (2. o.) 

** Attention is called to the fact that in the * Roman fever' it often happens that an 
intermittent paroxismal fever is converted into a continued or sub-continued form 
and entirely loses its characteristic type.'' 

Remark. — ^A continued fever is produced in the rabbit by the subcutaneous icgeo- 
tion of a variety of substances, and this fever sometimes has a remittent character 
when there is no suspicion of malarial infection. 

''The diminution in the weight of the body, which is generally observed in other 
fevers, is not to be found in malarial fevers, it is only not^ at a later stage of the <Us- 
ease. In the first days of the fever, especially when it is of a true intermittent type, 
the ap^petite increases, and this explains why there is no decrease in weight. This pe- 
eolianty is a oharaoteristio sign* of the malarial infection which must be taken into 
eonsidenitioii during researches on animals." 

"^ . — I am not aware that the truth of this statement is generally admitted 

4420HBH 5 
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by the profession^ and even if we accept it as demonstrated, so far as man is con- 
cerned) very carefully conducted experiments with adult rabbits would bo required 
to eliminate the possibility of gain in weight from natural growth or from improved 
conditions as to food and comfort. 

In my experiment No. 6, in which a rabbit was injected with putrid urine, and suf- 
fered an attack of fever which produced death in twelve days, a gain in weight of 
103 grams occurred. This was a young rabbit, which was growing rapidly at the 
time the experiment was made. I have observed a marked increase in other cases in 
which the fact was not verified by weighing. 

** During a septic process the form of the spleen is modified in such a way as to pre- 
sent a rounded aspect, or a rotundity of its ed^es, while in the malarial infection the 
splenic tumefaction appears like a regular uniform swelling of the whole organ, and 
the transverse sections resemble those of a normal spleen, but larger in every direc- 
tion." 

Remarks. — I have not been able to discover any marked differences in form between 
the spleens of rabbits which have succumbed to unquestionable septicaemia and those 
in which an attempt was made to produce malarial infection by the subcutaneous in- 
jection of the material obtained bv the methods of Klebs and Toramasi-Crudeli from 
malarial localities near the city of New Orleans. As to the size of the spleen, which 
I have compared directly, by weight, with the weight of the body (see Experimenta 
4, 6, 7, 9, 13, 14, 16, 28, and 33), instead of adopting the plan of Klebs and Tommasi- 
Crudeli, which consists in measuring the length, breadth, and thickness for the 
purpose of comparison, I have found it to be larger in undoubted cases of septi- 
csemia (Experiments 6 and 7), produced bv the irgection of putrid urine and my own 
saliva, than in other cases in which a solution of fish gelatine or of water inocu- 
lated with organisms from swamp-mud was the material injected (Experiments 9, 15). 
In rabbit No. 8, which received three successive injections (Experiments 8, 10,) and 
19) of swamp culture-solutions, and which finally succumbed to an injection of water 
containing surface mud from the gutter in front of my laboratory, the spleen was 
oiily T?Vr pwrt of the weight of the body, while in rabbit No. 7 (Experiment No. 7), 
in which my own saliva was injected, the proportion was ^fsr- This proportion seems 
to depend to a considerable extent upon the age of the animal, being greater in young 
rabbits.* 

^* Another characteristfc sign of the malarial infection is the black pigment from 
the blood. This si^ is not alone observed in the pernicious forms. In less serious 
cases of the intermittent type of long duration, black pigment may be found in the 
spleen and sometimes in the marrow of the bones. In the gravest forms of malarial 
fever this pigment is found in large quantity through all the circulatory system and 
in many of the organs." 

REBfARKS. — In my post-mortem examinations of rabbits which have died from the 
effect of subcutaneous injections, I have been in the habit of examining blood from 
the cavities of the heart and the tissue of the liver and spleen as soon as these organs 
were removed from the body. I have never found blacK pigment in the blood, but 
have found it in abundance in the spleens of several septicemic rabbits, in which 
there feould be no suspicion of malariid complication, e. ^., in rabbits which died in 
Philadelphia in January and in Baltimore in AprU as the result of the subcutaneous 
injection of human saliva (7. o.). Masses of orange-colored pigment are still more 
commonly found in the spleens of septicssmic rabbito, and in one instance orange-col- 
ored pigment was found at one extremity of a spleen, which retained its normalcolor, 
while the other extremity, which presented a dark discoloration, contained and abun- 
dance of black pigment. I cannot doubt that these masses represent broken-down 
blood corpuscles, and that the black i>lgment only differs from the orange-colored as 
the result of some chemical change which I am inclined to think occurs, sometimes at 
least, post-mortem. 

*^The lack of suppuration, or the small amount of suppuration at the point of in- 
jection," is spoken of as an indication of value in establishing a diagnosis. My results 
in this particular have varied considerably, according to the nature of the injected 
material. When the material used has been my own saliva, or a little surface mud 
from the gutters of New Orleans, or the ** rough material " from the surface of an " ar- 
tificial marsh," ( Vide Experiments 9, 13, 20^ &c.), diffuse cellulitis has commonly re- 
sulted with an exudation into the cellular tissue of bloody serum swarming with bac- 
teria and possessing highly infectious properties. In an experiment in which pus 

' *Sinoe writiiig the above I have examined the spleens of a laree number of rabbits, the viothns of 
aepticsBmia (see special report to National Board of Health in Bultetin No. 44. of April 30, 1881), and I 
have found the greatest diversity in the sise and appearanoe of this organ. Sometimes it presents no 
appreciable changes, but commonly it is more or less swoUen and discolored, and this timiofaction 
varies greatly, both as to its amount and as to the resulting shape of the organ. Sometimes it is en- 
larged ui all its dimensions, and at others the length is inoreasea without a corresponding increase in 
brMdth. In a recent postmortem I found the spfeen of a small rabbit (weight 24 ounces) to weigh 34 
grains. This animal died from the subcutaneous ii^ection of 1.25" of hay-infhsion, which had oeen 
■apt in a onltare^>vea for 24 houxs, and which contained Baetiitu tubtiUt and micrococci in abundance. 
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*wafl injected but alight local inflammation was produced, but quickly fatal results 
followed, and metastatic deposits of pus were found in the liver. In my experiments 
with fish-jB^elatine solution, containini;; organisms developed as a consequence of iuoc- 
nlation with swamp-mud, &c. — ^ la Klebs and Tomraasi — I have sometimes had con- 
siderable abscesses form at the point of injection, and these have sonierimes pointed at 
the center of the belly, the most dependent situation, and sometimes have been ab- 
sorbed, leaving a little mass of cheesy material in their place. Tlics^ie abscesses have 
often been quite small, but they have rarely failed to follow the injection of the fish- 
gelatine solution. My observations, therefore, in this particular, do not correspond 
with those of Klebs and Tommasi-Crudeli. 

. As a result of preliminary culture experiments made with material obtained from 
malarial localities in the vicinity of Rome, our authors discovered a Bacillus which 
appeared to them to be quite different from Bacillua subtilia (Cohu) of hay infusions^ 
SLUil from BacilluB antkracia (Koch), and which may be characterized as follows : 

" Small rods, of 5 to 10 micromillmietres len^h, which during their evolution become 
converted into tortuous filaments, which divide into joints by the foruiation of clear 
spaces in the protoplasm, or more seldom by means of separating membranes. These 
filaments produce series of very short joints on the surfaces exposed to the action of 
the air, and spores are developed in their interior. The spores are situated in the 
center, or toward the extremities of the joints; they may also lie found in the center 
and at the extremities at the same time ; when the division in joints does not occur,^ 
they multiply, they become smaller, and fill up the interior of the filaments with » 
granular mass. As we obtained repeatedly the same forms from these cultures made 
with the purest gelatine solution, and from several difi'erent specimens of soil taken 
from malarial localities, we conjectured that this plant could x>erhups be the bearer 
of malaria." 

The question will at once be asked as t-o whether I have found the so called Bacillus 
malaria in malarial localities in the vicinity of* New Orleans. 

I have certainly found bacilli and minute filamentous al^te, closely resembling the 
different forms described and figured by Klebs and Tommasi-Crudeli, but see no good 
reason for conferring upon these particular forms the special distinction of being 
named BacilluB maluricPj in preference to any other of the minute vegetable organ- 
isms with which I have found them te be associated. 

Figfs. 1, 2, and 3, Plate I, are photographic reproductione of the plates which ac- 
company the memoir of Klebs and Tommasi-Crudcli, and represent their so-called 
BadUnt malaria, I must refer the rea<ler to the original work for a detailed de- 
scription of the various organisms observed by the authors, and for an account of 
their culture experiments made with a view to elucidating the life-history of their 
Bacillus malaria, 

A glance at Plate I will show that my photo-micrographs (Figs. 4 to 9) represent a 
number of minute algse, some of which resemble very much the forms drawn by 
Klebs and Tommasi-Cmdeli. After a careful study of their figures and of their 
written descriptions, I do not, however, feel justified in saying positively that I 
have met the identical organism described by those authors, and, indeed, I am not 
satisfied from their account that they have not included several distinct forms (spe- 
cies?) under the name of Bacillus malaria. Their description of little rods having a 
granule or spore at each extremity, and often a third at the center, corresponds with 
the organism shown in Fig. 3, Plate II, which is from a gelatine culture solution in- 
oculated with swamp mud in accordance with their method. I have recently (May, 
1881) found the same form in culture liquids (chicken bouillon, &c.) exposed in the 
biological laboratory of Johns Hopkins University, Baltimore, aud am inclined to 
believe that this is simply an advanced stage in the development of B. lermo. The 
same appearance of terminal spores is seen in Fig. 4, Plate I, which is also from a 
culture experiment made in Baltimore. I have frequently observed rods like these 
in diarrhceal discharges of men, and of rabbits — the subjects of my experiments. 

Many of the rods seen in Fi^. 7, Plate I, presented the same appearance under the 
microscope, although the terminal spores (f ) are not distinctly seen in the photograph. 
This specimen is from the surface of a glass slide exposed over an '^artificial marsh '^ 
in New Orleans, and it, perhaps, corresponds more nearly than any other of my fig- 
ures with the drawings and descriptions of our authors. 

Fig. 6, Plate I, resembles very closely Fig. 1, copied from the memoir of Klebs and 
Tommasi-Crudeli. This also is a development from air- borne spores in a culture fluid 
ejroosed in the laboratory of Johns HopKins University in Baltimore. 

Fig, 5, Plate L represents two common species of minute alga^, found in abundance 
in the gutters of New Orleans. The larger is an Oscillatorea : the smaller, made up of 
short joints, should probably be referred to Bacillus or Leptothrix. 

Fig. 8, from the surface of swamp mud near New Orleans, closely resembles the last 
described, and Fig. 9, which seems to be identical with the last^ was found in the 
discbarges fh>m my own bowels at the time I was engaged in these researches. It 
was obseired on several occasions aud in considerable abundance. I may say that I 
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was in my usual healtli at the time, with the exception of a slight diarrhoea, which 
did not interfere with nnr work. 

Oar authors describe BaoUlus malarke as made up of " small rods of 5 to 10 niicroinili- 
meters in length, which, during their revolution, oecome converted into tortiious fila- 
ments, &c. 

Tufts of tortuous filaments, like those seen in Figs. 7 and 8, Plate n, were found in 
abundance in mv gelatine culture solutions inoculated with swamp mud according 
to the method of Klebs and Tommasi-Crudeli. I did not, however, find time to trace 
the life-histories of these various organisms, and cannot say whether these tortuous 
filaments were developed from rods, or if they '^ divide into joints by the formation 
of clear spaces in the protoplasm.'' 

It is extremely desirable that theUife-histories of all of these minute algsd should 
be worked out ; but, in the absence of definite proof that any one of them is entii^^led 
to the special distinction of bcSing called Bcusitlua malaria^ I have not considered it 
necessarv to take time for this study, which, it seemed to me, could be employed to 
better advantage in attacking, by ea^erimental methods, problems of greater imme- 
diate imi>ort«nce. 

Tlie fact that the organisms described by Klebs and Tommasi-Crudeli and those 
xepresented in my photo-micrographs are m)m a malarial locality does not, of course, 
prove that they are peculiar to malarial localities, and far more extended observations 
will be rec[uired to demonstrate the truth or falsity of such an hypothesis. In my 
own exi)ermients the same organisms were found when the gelatine solution was inocu- 
lated with earth taken ftom the public squares in the city of New Orleans as when 
6wamp mud was used for this purpose. 

Our authors having, as they believe, discovered a Bacillus peculiar to malarial 
localities, say : 

'* It only remains now to proceed to the experimental investigations on animals in 
order to appreciate the value of this suggestion." 

The normal temperature of the rabbit was found to be 39.5 G. (103.1 Pah.). 

Rtseardhes with material taken from the PonHne Marskea were made upon rabbits Nos. 
1, 2, 3, 4, and 5 (see temperature charts, Plate III). The details given in relation to 
IsoH, 1 and 2 will alone be ^ven, as it is believed that this will suffice to fairly rep- 
resent the nature of the evidence which has been adduced, and I must refer the reader 
to the original memoir for fuller information. 

*^ Parallel reaearohes with the mud of Caprolaoe, — Ppr these researches we experi- 
mented on rabbits 1 and 2. At ten o'clock a. m., April 16, 1879, 1.6^^ of water, which 
bad been obtained three days previously from the mud of Caprolace, was injected 
nnder the skin of No. 1, and immediately after 0,6^ of the liquid contained in cult- 
ure-tube No. 1 was injected in the same way into rabbit No. 2. In this tube, which 
•contained very pure gelatine solution, we had put on the 11th of April a very small 
ouantity of the mud of Caprolace, after which the extremity of the tube was care- 
fully closed with cotton. The tube was kept for three days on a stove at a temper- 
ature of 30° to 35° C.*" 

Remabk. — The precaution of carefully closing the mouth of this tube with cotton 
was doubtless a proper one^ but it can hardly be considered of vital importance when 
-we consider that the gelatine solution was exposed to inoculation with atmospheric 
^erms during the time it was being introduced, and that so far as the germs of bac- 
teria are concerned it is probable that the mud of Caprolace itself contained a full 
assortment of fferms of the more common and widely distributed forms, and especially 
of B. termo and Bacoillusaubtilie, Gelatine solution is a putrescible fluid. A tempera- 
ture of 30^ to 35° is favorable for the development ot^ the bacteria of putrefaction ; 
and it can scarcely be doubted that whatever other organisms were present and what- 
ever may have been the special r61e of each, the common bacteria of putrefaction 
must have developed abundantly under such circumstances. 

'^ Rabbit No. 1 was killed by blood-lelftiuff, and an autopsy was made at once, with 
the following results : At the place of ii^ection, right side of lumbar region, a callosity 
was observed 4 centimeters m length and 3.5 in width, formed of white connective 
tissue having a fibrous appearance, and some very large blood-vessels filled with hard 
and reddish-brown oolored thrombi. All around this callosity the subcutaneous tis- 
ane was cedematous. The liquid of this oedema, taken immediately by means of capil- 
lary tubes, contained a great a uantity of small movable corpuscles of an oval or round 
tfbrm, and shining, some of wnich show on two opposite sides small obtuse prolonga- 
tions. Besides these, immovable filaments were seen of the maximum length of 
£.9001 fi, and of the width of 0.7143 /i. The Ivmphatic glands of the mesentery were 
much swollen, and contained a great quantity of whitish liquid. The spleen was 
enlarged and measured 55°^ in length, 9 in width, and 4 In thickness. Examination 
of the tissue of the spleen showed a large quantity of dark-brown pigment, in irreg- 

* The temperatme of these zabbits, after the Snjection of above mestloned liquids, as shown in 
curves 1 ana 2, Plate H. The weight of No. 1 at the ontset of the experiment wa8l.5flO gnuns, and of 
No. 2, 1,8M gnms. *~* . • . 



BEPORT OP THE NATIONAL BOARD OP HEALTH. 69 

nlar inassee. Upon adding to the tissue of the spleeu some aqueous humour froui the 
auterioT chamber of the eye of the same rabbit (recognized previously as perfectly 
nonual), a ^reat number of small, round corpupcles were seen moviug with activity. 
No alteration was found in the other organs of this animal. In order to deteiiuine 
the nature of the round, movable corpuscles found in the spleeu, two culttire-cella 
were prepared. In the first was placed the serous liquid of the lymph, in the second 
a Bmall quantity of spleen pulp diluted with aqueous humour, both were placed in 
an i>ven, and kept at a temperature of 'AO^ to 35"^ C. Before making the preparation 
the culture-cells were heated to 12(P C, in order to kill all living organisms that 
might be attached to them. At the end of twenty-four hours the first preparation 
contained immovable filaments with shining granules (spores), and some small mova- 
ble rods, sometimes united in couples ; also some free oval corpuscles, similar to thoso 
contained in the filaments. * * * In the second culture-cell there were, besides 
many free spores, some filaments with homogeneous protoplasm. These and espe- 
cially the smallest, could only be seen with objectives of excellent definition, such aa 
the one-twelfth and one-eighteenth inch of Zeiss, lighted with the apparatus of Abbe. 
Later, they could be seen well with lower powers. 

*' We see, then, that in both rabbits which were used for this research a fever of inter- 
mittent type appeared as a consequence of the injection of the aforesaid substances 
(Plate I, curves 1 and 2). Soon after the injection a rise of tomperatui-e to above 
40-' C. was verified ; on the following day it fell a little lower than the normal ; on the 
thinl day there was a slight increase ; on the fourth a new paroxysm of fever appeare<l, 
with an evening temperature of 40.85° C. in No. 1, and 40.6*^ in No. 2. After the fifth 
day the course of the disease takes a difierent form : Rabbit No. 1, into which we had 
ii^ected 1.6** of water drawn from the mud of Caprolace, maintains a high temper- 
ature, with slight variations, during forty-eight hours; while No. 2, iuto which only 
0.6^ of the culture made from the same mud was injected, shows a slight elevutiou of 
temperature, with slight quotidian remissions on the fifth, sixth and seventh days. 
On the eighth there was a normal temperature ; on the ninth a little below the normal 
in the morning, with a slight rise in the evening. On the tenth we put rabbit No. 2 
aside for another research. We see, then, the fever of No. 1 becoming continuous 
after the second paroxysm, while in No. 2 an almost normal condition follows the 
second paroxysm. This difference corresponds with the dilference in the quantity of 
the material injected. 

**With regard to the anatomical alterations found in No. 1, which was killed dur- 
ing the paroxysm of fever, the following are worthy of note : First, the lack of sup- 
puration at the point of injection ; second, the increase of all the dimensions of the 
spleen, especiallv of the length (SG*""*, while the normal mea% is 3d.75'"™, which gives 
to the iadex of the spleen a value of 1298, almost double the normal (664 ) ) ; third, the 
api>earauce of the same organisms in the liquid injected, at the iilace of injection, in 
the spleen and in the lymnli. Neither the course of the disease nor these anatomical 
alterations correspond witn those of putrid or septic fever. The increase in the weight 
of the body between the fiLrst and second paroxysms is also worthy of attention.'' 

Remark. — ^It is believed that the quotations alrea<ly made and the temperature 
charts given in Plate I sufiicientlv indii;ate the nature of the evidcuce upon which 
Klebs and Toomiasi-Crudeli depend to establish their announceuient of the discovery 
of a true Badllus malarioBf an<l without further remarks I shall ]^roceed to de- 
tail the experiments made by myself with a view to confirming, if possible, the results 
obtained by them by similar experiments conducted at a distant malarial locality. 

EXPERIMENTAL RESEAUCH. 

The locality selected as a suitable place from which to obtain samples of swamp 
mad for experimental purposes was a point in the suburbs of New (Orleans, in the 
** third district/' where the track of the Mobile Railroad ddbouches from the city to 
futer the extensive swamp in rear of it, which extends towards Lake Pontchartraiu. 
8iilmrban dwellings of the poorer sort are situated on the very marj^iu of this swamp^ 
nud my friend, Dr. Gustav Deveron, who kindly aide<l me in making this selectiou,. 
assures me that cases of malarial fever are common iu this part of the city, especially 
during the months of Septem1>cr, October, and November. 

My experiments were commenced iu May, by c<dlecting from the surface of dry 
swamp mnd the organic pellicle which is found in such situations. A small quautity 
of this material was placed in a bottle with distilled water; after a few days This 
water was found to contain a considerable iiuantity of spherical bacteria iu zoogkea 
masses. 

Experiment Xo. 1, May 12. — Five cubic ccDtimetors of this fluid were injected into 
the cellalar tissue of rabbit No. 1. Kesult, entirely negative. The animal showed 
no sigoB of ill-hcalth. 

Experiment So, 2, May 16. — Thirty gallons of swamjp air passed through 5 cubic centi- 
meters of distilled water, which was then injected into the cellular tissue of rabbit 
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No. 2. Result, entirely negative so far as appearances were concerned. No tem- 
perature observations were, however, taken. 

Experiment No, 3, May 22. — Five cabio centimeters of Cohn's fluid, containing nu- 
merous bacteria (B, subHlia)^ injected into the cellular tissue of rabbit No. 3. Result, 
the animal remained in good health.* 

As there was no satis&ctory evidence that the malarial poison was present in the 
air passing over the swamps near New Orleans at this season of the year, further ex- 
periments were postponed until the autumn. 

On the 19th of September, 1880, I obtained two specimens of surface mud from the 
locality above indicated, two specimens from the river hatture in front of the city, 
and two from public squares (Lafayette and Congo) in the city of New Orleans. 

These samples were placed in six tin vessels having perforated bottoms, each four 
inches in diameter and six deep. These vessels were placed in shallow porcelain 
dishes containing water, for the purpose of keeping the mud in the cyliuarical tin 
vessels constantly wet, and producing an ^^artiiiciaf marsh,'' snch as is described by 
Elebs and Tommasi-Crudeli. I have not considered it necessary in these experiments 
or in the culture experiments with fish-gelatine solution, to be detailed hereafter, to 
resort to artificial heat, as was done by Klebs and Tommasi-Crudeli, believing that 
natural conditions should be maintained as far as possible, and assuming that the 
normal temperature of the atmosphere, which was from 78^ to 85° Fahrenheit at the 
time these experiments were in progress, was a favorable one for the development of 
the hypothetical malarial germ, inasmuch as numerous cases of malarial fev<T auve 
evidence of the presence or the poison in the vicinity of the swamp from which I ob- 
tained my material, and the conditions of temperature at this place evidently could 
not be very different from those in my laboratory, not more than two miles distant. 
I also departed ftt)m the directions of Klebs and Tommasi-Crudeli, who placed their 
^'artificial marshes" in a ventilating chimney, by placing mine in an open window, 
80 that the direct rays of the sun might fall upon them during the day-time, believing 
that by so doing I snould maintain more nearly the identical conditions under which 
malaria is given off from a natural marsh. 

On the 30th of October a new supply of surface mud from the swamp (same locality ) 
and of sandy loam from the river batiure was placed in four of the tin vessels already 
described, and these were kept in an open window of my laboratory as before. 

The organisms which appeared upon the surface of the mud in these different ves- 
sels were studied by various methods during the time the experiment was in progres.s — 
about six weeks — and photomicrographs were made of all that it was thought might 
possibly be of interest iiLjConnection with the investigation in hand. One of the most 
successful methods of collecting these organisms for study was found to be the follow- 
ing : A thin glass cover, carefrilly cleaned, was lightly i>laced upon the surface of the 
moist mud, and left for twenty-four or forty-eight hours. It was then picked up with 
forceps and placed upon a clean glass slide over a small drop of distilled water. 
Very commonly minute drops of condensed moisture would be found upon the lower 
surface of the thin cover, and in this case it was not necessary to use distilled water 
in the examination. For the purpose of arresting the motion of infusoria and active 
bacteria, either for photograpning or to render their examination with high powers 
more satisfactory, I very frequently used a weak solution of iodine instead of the dis- 
tilled water. (Iodine, gr. 1 ; iodide of potass., grs. 2; distilled water, grs. 100.) 

Upon bringing the under surface of a thin cover, which had been exposed and 
mounted as indicated, into the focus of a good objective, a variety of minute algaa 
were usually discovered. The most common forms are shown in Figs. 5 and 7, Plate 
I, and in Pig. 6, Plate U. 

These minute algse, belonging to the Palmellacese and OscillatoriacesB, together 
with a few diatoms and infrisoria, and a greater or less number of bacteria, were com- 
monly found adherent to the under surface of the cover glass and were in a satisfac- 
tory position for immediate study^ for staining and photographing, or for mounting 
permanently in a preservative fluid. 

Instead of leaving the cover in position for a day or two, very satisfactory speci- 
mens may be obtained for immediate examination by taking a clean cover and press- 
ing it gently with forceps against the surface of the mud. When the proper amount 
of pressure is used the organisms adhere to it without any earthy matter being picked 
up. A less satisfactory method, but one which I have employed in imitation of Klebs 
and Tommasi-Crudeli, is to add a little of the surface mud to distilled water in a test- 
tube, and, after shaking and subsidence of the heavier portion, to examine the sus- 
pended particles. In this case it is necessary to take samples n*om difl'erent parts of 
the tube, as the organisms near the surface will often be found to differ from those 
near the bottom. 

The following notes will show the character of the organisms found in the samples 

* The Cohn's fluid used in this ezperiment had been added to water through which swamp air had 
beenpaaaed. 
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^^mad which were nnder observation in the experiments here recorded. The varionB 
^)>eciinen8 were nmnbered as follows : 

No. 1, from edge of swamp near Mobile Railroad. 
No. 2, from edge of swamp near Mobile Railroad. 
No. 3, from Lafayette square. New Orleans. 

No. 4, from Congo square, New Orleans. 

No. 5, from river hatture in frx>nt of city. 

No. 6, from river batture in frx>nt of city. 

Noe. 3, 4, 5, and 6 were taken from supposed non-malarial localities for comparison 
with Nos. 1 and 2 from malarial localities. 

Septew^ber 19. — A little mud from surface of No. 1 was added to distilled water and 
shaken up in a test-tube, ^iter the earthy matter had subsided the suspended par- 
ticles were examined with Beck's one-fifth inch and Zeiss's one-twelfth inch objec- 
tivee, with the following result : Much amorphous vegetable dShris, which renders 
the water in the test-tube quite opaque ; mingled with this are bodies, motionless or 
poaseasing brownian movements only, which resemble bacilli, rod-bacteria, and mi- 
crococci or spores, but which it is difficult, in the absence of vital movement i, to dis- 
tinguish witn certainty from the vegetable debris which simulates all these forms. 

September 20. — ^The water in the test-tube has cleared up by deposition of the vej^e- 
table d^brie. Upon the surface of the deposit at the bottom of the tube are a ^w 
diatoms and Euglena viridU. In the supernatant water no moving bodies can bo de- 
tected, bat a few extremely minute spherical bodies are seen, of uniform size (less 
than 1 /ti), single and in pairs. The pairs are evidently joined by some transpurent 
snljstance, which is not visible, but which holds these spores (f ) at a fixed distance 
one fr(»m the other. 

Remabk. — Similar spherical bodies, united in pairs, have been obtained, but not in 
p;reat numbers, in aspiration experiments made m the vicinity of the swamp and also 
m front of my laboratory in New Orleans. I believe them to be the spores, or more 
properly, couidia, of one or more species of bacteria, and that the invisible material 
which holds them together is the transparent remnant of the filament or rod in which 
they were developed, consisting, perhaps, only of a very delicate cellular envelope, or 
possibly of a jelly-like substance resulting from the softening down of this membrane. 
It is impossible to determine with certainty the species or even the genus of Schizo- 
mycetes to which these spores should be referred, but as the spores of known bacilli 
are considerably larger, and the filaments of the spirilla would be longer, if extended, 
than the distance between these spores, it is probable that they should be referred to 
Bacterium or Vibrio. That the spores of the bacteria of putrefaction were i)resent 
in this water was proved later by the rapid development of these organisms in a solu- 
tion of fish gelatine inoculated with it. 

S€ptember2l, — In addition to organisms already mentioned this water contains oval 
ciliatef^ infusoria and long oscillating filaments. 

ExamkiaUon of Specimen No, 2, September 19. — A little surface mud was shaken up in 
a test-tube with aistilled water, and after dex>08ition of earthy matter microscopic 
examination made with same results as obtained in preceding examination. In addi- 
tion a few elongated filaments were found, having a spore in one end {Bacillua sub- 
tili$). On the surface of the mud in this test-tube are numerous oscillating bacilli 
containing a spore at each end ; others have three and some even four spores in a 
linear series, also a few diatoms, monads, and unicellular algie. 

S^tember 21. — ^The bacilli with incluaed spores (oonidia) observed yesterday are 
very active, and three species of filamentous algas (Oacillatoricuseod) are observed as 
well as Euglena vtridM, and the monads and diatoms seen yesterday. 

EjWMMnation of^ Specimen No, 3, September 21. — A few actively moving spherical bodies, 
single and in pairs. 

Examineition of Specimen No. 4, September 21. — ^Much amorphous vegetable dibris^ 
•ome minate micrococci having vital movements, and some of same dimensions 
grouped in fonrs ; also, a few actively moving monads. ^ 

ExamkuUUm of Specimen No, 5. — Same as above ; also, Euglena viridis. 

Culture kxperimbnts with aboyr samples of earth. — On the 21st of Septem- 
ber a solution of fish gelatine was made according to the directions of Klebs and 
Tomraaai-Cradeli. This solution, after being filtered, was maintained at the boiling 
point in a water bath for more than an hour. Half an ounce of the gelatine solution 
was then placed in each of six small beaker glasses, which were labeled culture Nos. 
1, 2, 3, 4, 5, and 6, and were respectively inoculated with, a small quantity of the 
earth frx>m the surface of artificial marshes bearing corresponding numbers. The 
beakers, of which the capacity was two ounces, were placed upon pieces of plate- 

Slaes having a ^^und surface and covered with a small glass circle. Each one was 
den covert with a bell-glass (apparatus of List-er). 

In obtaining specimens of the fluid in these glasses for microscopic examination it 
my cnatom to take a drop or two from the top or bottom, as desired, by means 
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of a pipette. To prevent inocalation of one coltore fluid by organisms from another, 
the pipette was heated in the flame of an alcohol lamp before usins^ it anew. 

I shall give a somewhat detailed description of the organisms found successively 
in these £flerent culture experiments before proceeding to an account of the results 
obtained by injecting these fluids into the cellular tissue of rabbits. 

Septemher 22. — Microscopic examination of culture fluids with Beck's one-flfth and 
Zeiss's one-eighteenth inch objectives. 

No, 1 contains numerous highly refractive spherical bodies of 1 /i diameter, motion- 
less, solitary or in pairs ; also at surface, B, termo, 

No, 2 contains the same refractive spherical bodies (spores of bacili f ) at the bot- 
tom of the fluid, and upon the surface, B. termo, andmicrococci^litary and in chains 
of two or three ; also a few rod-bacteria larger than B. termo (B. lineola t). 

No. 3 contains at surface B, termOy actively moving spherical bodies and a few rods. 
At the bottom numerous rods of Bacillus (sp. f ). 

No8, 4 and 5. — ^The same as above, bat the bacteria are longer and resemble those 
found in acid urine of yellow-fever patients. (See " The Bacteria,'^ Plate III, Little, 
Brown «fe Co., 1880.) 

No, 6. — ^The same as above, and in addition long, flexible, transparent -iilaments, 
and rods having spores at each extremity resembling the Bacillus malarias of Klebs 
and Tommasi-Crudeli. 

Septemher 23, No. 1. — The refractive spherical bodies are more numerous than yester- 
day at the sunace of the li<|^uid, where they are associated with B. termo ; at the bot- 
tom are numerous rods having a diameter of 0.7 fi and a length of 1.5 to 3 /^, which 
contain a refractive granule (conidium or spore) at each extremity, and in some in- 
stances a third in the middle. (See Fig. 3, Plate II.) 

No. 2. — Same as above, also upon the surface a few rods considerably larger than 
those described, and filled with ^anules. At the bottom flexible filaments with 
granular contents having a serpentine movement ( Vibrio serpens t). 

No. 3.— Same as No. 2. 

No, 4. — ^The same, and also numerous amoeba?, having a transparent rapidly-flow- 
ing protoplasm, containing many granules (apparently bacteria, upon which they 
have been feeding). 

No, 5. — ^The same bacteria as in No. 1. 

No. 6. — ^The same, and some long, slender filaments, less than 1 /u in diameter. 

September 2iy No. 1. — ^The same bacteria as before described. 

No. 2. — ^At bottom radiating masses of rods and spores, and on surface a mycoderma 
of B, termo. 

No, 3. — All of theforms of bacteria heretofore described, oval ciliated iofasoria and 
amoebaB, some active and some encysted (Fig. 5, Plate II). Also elongated bacteria 
of same diameter as those on surface, exhibiting serpentine movements ( Vibrios), 

No. 4. — Bacteria, amoebsB, &c., as above described; also some oscillating filaments. 

No, 5. — ^The same, and a few ciliated infusoria. 

No, 6. — ^Numerous bacteria, with granular contents, having a length of 3 to 5 /^ and 
a thickness oflfi form a thick veil (mycoderma) upon the simace of the liquid. (See 
Fig. 1, Plate II.) Bacterium termo also present. 

A second culture experiment, marked No. (>-2, was started this day by inoculating 
fresh gelantine solution with a minute drop of fluid frx>m the surface of No. 6, with 
the purpose of cultivating the organism above described by itself. 

September 26. — No. 6-2 is covered with a mycoderma of the same bacteria previously 
found in No. 6. (See Fi«. 1^ Plate II.) 

No, 3. — Contains, in aodition to organisms previously described, bacilli, with spores 
at one extremity, probably as a result of the development of rods from the refractive 
spores heretofore mentioned. Also bacilli in leptothrix chains and spirilla (S, 
volutans t). 

No, 2, — ^Also contains, in addition to organisms previously described, some amoeb» 
and large oval cells containing granules. ^See Fig. 5, Plate II.) 

A thin glass cover examined this day, which had been left upon the surface of arti- 
ficial marsh No. 1 for forty-eight hours, had adhering to its under surface diatoms 
(Naricula) minute filamentous algos {OsdllatariecB) and bacteria {B, termo), A thin 
cover from artificial marsh No. 6 iiad adhering to it long, slender filaments and rods 
with spores at each end closely resembling those figured by Klebs and Tommasi-Cru- 
deli under the name of Bacillus mulariof. (See tbeir Fi^. 3, Plate I.) 

Septemher 27. — In addition to organisms already described, gelatine solution No. 1 
was found to contain numerous tufts of slender, flexible filaments. (See Fig. 7, 
Plate IL) 

Remarks. — It will be observed that up to the present time a variety of difierent or- 
ganisms have made their appearance upon the surface of my artificial marshes, in the 
test-tubes containing water and earth from these marshes, and in the fish-gelatine 
culture solutions. Many of these, such as the diatoms, amcebae, ciliated infusoria, 
euglena, and the larger oscillatoriess, are widely distributed and tolerably well known 
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fomiB. When we come to the moie mimite algsB and the bacteria, which I have de- 
Bcribed and photographed, I am not prepu^ to speak with any great amount of con- 
fidence, as there is still much confusion and uncertainty in the descriptions given of 
these fbrms, even by such authorities as Cohn, Niigeli, and others, who have devoted 
the most attention to them. 

There is no doubt, however, that the bacteria of putrefaction were present in all 
of my gelatine culture experiments, as the odor of putrefaction was given olffrom 
these solutions within a day or two after inoculation with earth from the sources si^eci- 
fied« This was to have been expected, apriorij as the gelatine solution is extremely 
prone to putrefactive changes, and the bacteria of puti'efaction are so universally dis- 
tributed that it would probably be difficult to obtain a sample of earth from any source 
on the surface of the earth, in temperate regions, which should be quite free from these 
OTgasdamB or their germs. Klebs and Tommasi-Crudeli, who used artificial heat in 
their experiments with their so-called *^ artificial marshes " (30-35^ C), say : 

^* Tho moot remarkable result of this arrangement was that almost immediately a 
ffreatqnantity of organisms contained in the grounds and in the muds died. * * * 
rlo moremoldiness was formed at the surface of the ground or of the vessels, and the 
phenomena of putrefaction stopped in the marshy muds, while they reached a high 
degree of putrefaction whenever the same muds were kept under bell-glasses." 

The arrest of the phenomena of putrefaction did not dispose of the bacteria 6f pu- 
trefaction already present, and these must have been introduceil into the fish-gelatine 
scdution and other liquids inoculated with these muds, and could scarcely have failed 
to multiply in them. 

In my culture experiments R. termo took the precedence of all other organisms as 
to the time of anpearance and rapidity of development, with the single exception of 
Ko. 6, inoculated with sandy loam from the river batture, in which the form represented 
in Fig. 1, Plate II, was the predominant form, B. termo being also present. The rapid 
increase of these bacteria near the surface of the liquid gave to the previously trans- 
parent gelatine solution a clouded appearance. Soon a delicate veil (mycoderma) 
formed ujHm the surface consisting of motionless rods of varying len^h. In some of 
tliese rods re&aotive points were to be seen near the extremities, which are believed 
to be conidia or spores. These are well shown in Fig. 3, Plate II, in which rods of 
varying length may be seen, some having a spore at each extremity and others a third 
one'in the center. This photograph is made from a collection obtained from the bot- 
tom of culture No. 1, but the same form was present in all of the culture fluids, and, 
as already stated, 1 suspect it to be a sta^e in the existence of B. temio and to repre- 
sent the formation of spores in this orgamsm. In the course of a few days tHe active 
life of B. termo ceases in these solutions of gelatine and the liquid resumes its trans- 
parency, all of the little rods being deposited on the bottom of the vessel. In the 
meantime the lionid, which was colorless, has acquired a pale amber tint, and has a 
difiUFUsting glne-iactory odor. 

Shining oval and spherical bodies of about 1 u diameter, believed to be the spores of 
bacilli, were observed in the dififerent culture liquids upon the first exammation. 
These seemed tb increase in number, and after two or three days rods commenced to 
make their appearance, some uniform in diameter and joined in leptothrix chains, 
others having an expanded spindle-shaped extremity. (See Fig. 9, Piute II.) It is 
believed that this form represents the development of the spores, already referred to, 
into nMls, and that this organism is the widely-distributed Bacillus suhiilia which has 
been earnilly observed by numerous microscopists. Vibrios also made their appear- 
ance in all of the solutions in greater or less numbers. The specimens represented in 
my photograph (Fig. 4, Plate U) are from culture No. 3. At this time also commenced 
to appear at the bottom of all of these solutions the tufts of radiating flexible fila- 
ments shown in Figs. 7 and 8, Plate II. What relation, if any, these flexible filaments 
bear to the vibrios, Fig. 4, and to the bacteria, Figs. 2 and 3, I am unable to say, but 
I suspect that they represent a phase in the development of these organisms, or possi- 
bly of the bacilli shown in Fig. 9. 

In culture No. 6 and in No. 6-2 the bacteria shown in Fig. 1 continued to be the most 
abundant form up to the time that the following injection experiments were made : 

EXPERIMENTS UPON RABBITS. 

On the 29th of September, eight days after the commencement of the above-de- 
acribed culture experiments, the following injection experiments were made : 

Babbit Ao. 4. — Iigecte<l into cellular tissue of left flank 0.75"= of j^elatine culture 
solution No. 1, first stirring up from the bottom the deposit containing organisms 
above described. 

Babbit No, 6. — Iniected in the same way (with hypodermic syringe) 0.75<^<= of cul- 
ture fluid No. &-2, first shaking it up so as to distribute through the liquid the deposit 
At the bottom and the mycoderma upon the surface {B, Uneoiaf), 
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BcUfhit No. 6. — Injected in the same way O.TScc of nriue, coutaining B, termo, which 
had been inocnlated two days previously with a drop of putrid meat j nice. 

Bdbhit No, 7. — Injected in the same way 0.5<^^ of saliva containing epithelial cell^ 
Ac, from my own mouth. The following day, September 30, rabbit No. 8 received 
an injection into the cellular tissue of left flank of 1.26^ of gelatine culture No. I (same 
■as rabbit No. 4.) 

Nos. 4, 5, 6, and 7 were young rabbits of the same litter, and weighed respectively 
474, 320, 390, and 304 grams. No. 8 was a full-grown male, weighing 1,922 grams. 

In the temperature observations mi|de upon these rabbits, and in subsequent ex- 
periments, the thermometer was introduced into *he rectum, and usually three daily 
observations were made, viz, at 8 to 9 a. m., at 12 to 1 p. m., and at 5 to 6 p. m. 

The more frequent observations, hourly in some cases, made by Klebs and Tommasi- 
Crudelli, do not seem to have disclosed any marked oscillations of temperature not 
shown by three daily observations ; and it was quite impossible for me to attempt 
more frecjuent observations without additional assistance, unless I should neglect the 
quit« as important daily microscopical examination and photogra])bic record of the 
organisms found in my culture experiments. As the result of several observations 
upon healthy rabbits, the mean normal temperature was found by Klebs and Tommasi- 
CrudeUi to be 39.50 C. (103 1^ Fahr.) 

This corresponds very nearly with my o^n observations rei>eated on various occa- 
sions, but it must be borne in iuind that variations above and below the normal mean 
are quite common in healthy rabbits, and that considerable variations may result 
from trivial causes. Thus the temperature of six healthy rabbits was found (Octol)er 
15), when they were first brought to mv laboratory in New Orleans, to vary from 
102.3° to 103.6° ; and the temperature o^ a rabbit lipon which three daily observa- 
tions were made for several days, and which did not receive any injection, and was 
apparently in perfect health, varied from 102° to 104^ Fahr. 

This considerable variation in the temperature of healthy rabbits, due chiefly to 
external causes, but perhaps attributable sometimes to fear, violent exercise, &c., 
is even more marked in those animals which have received an injury of any kind, 
or those in which fever has been i)roduced by the subcutaneous injection of any 
pathogenic material. 

As a quickly fatal result followed the injections made in the case of rabbits Nos. 
4 and 7, and that without any evidence of paroxysmal fever, remittent or intermit- 
tent in character, I shall first detail the history and post-mortem appearances of these 
animals, and will later call attention to the character of the temperature records in 
rabbits 5, 6, and 8, of which charts are given. (Plate IV.) 

Ej^eriment No. 4. 

Rabbit No. 4. — Injection at midday, Septomber 29, temperature at 7 p. m., 103°. 
September 30, 8 a. m., 103.2°; 2 p. m., 104°; 7 p. m., 104.1°. October 1, 8 a. m., 
temperature in the rectum below 95° (the lowest point marked on the register of the 
thermometer). The animal is dull and feeble, and drags its hind le^s when i t attempt« 
to move. 11 a. m., can no longer sit np, but lies upon its side ; lias dilated pupils, 
stertorous respiration, and venous and capillary congestion of ears. 11.30 a. m., con- 
tracted pupils, death ; rigor mortis ten minutes after death. 

Post-mortem examination at 12.45 jp. m. — Stomach and bowels normal, filled with food 
and faeces, bladder fall, liver dark colored and congested, weight 18 grams ; spleen 
of normal size and appearance, weight 0.32 grams ; auricles of heart and large veins 
filled with dark blood ; brain and meninges congested, lungs normal. 

Microaoopical examination. — ^At the x>oint of injection some slender filaments and 
numerous micrococci, single, in pairs, and occasionally in chains of three. Blood 
from left auricle and the spleen pulp contains the same organisms ; leucocytes contain 
numerous granules of the same diameter as the micrococci referred to. 

October 2. — ^Microscopical examination of culture cell, put up yesterday, containing 
gelatine solution and a little of the cheesy material from point of injection ; shov/s 
^anular debris, slender, flexible moving rods of various lengths, and micrococci. 

Microscopical examination of culture cell containing blood from auricle, mounted 
yesterday at the time of post-mortem: shows micrococci, solitary, in pairs, in chains 
of three, and in sarcina-like groups oi four. 

^ The bladder of this rabbit, filled with limpid urine, was removed, after tyin.T a 
ligature around the urethra, and placed in a clean saucer under a bell-glass. Micro- 
scopical examination of the contents, October 2, showed it to contain granular mat- 
ter, epithelium from the bladder, and a few micrococci, solitary, in pairs, and in 
groups. No odor of putrefaction. 

When the post-mortem of rabbit No. 4 was made a small i)ortion of spleen pulp, 
taken from the interior of the organ with instruments itreviously heated to redness 
to destroy adherent germs, was carefully placed in pure gelatine solution in a beaker 
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and covered with slftss plate and bell-glass, as in previous culture experiments. 
(Lister's apparatiu.) This was labeled *' Spleen culture No. 1." Upon examining 
this Uqoidy October 3, it was found to contam an abundance of B, iermo, micrococci, 
ind a few vibrios. Examined again October 6, it proved to contain B. termo in 
abundance, and at the bottom the same oi^anisn in a quiescent state, and containing 
terminal spores as shown in Fig. 3, Plate II. This solution was again examined Octo- 
ber 15, wiu the following result : The same bacteria above described, also smaller 
bacteria, micrococci, and numerous bacilli, with a single terminal spore. The cilect 
prodneed by the ipjection of this fluid into the cellular tissue of rabbit No. 13 will be 
detailed hereafter. A later examin&tion of this fluid, October 18, showed it to con- 
tain the above-described organisms and torula-like chains of bacilli, eaeh joint of 
which sontained a spore ; abo extremely slender filaments, mostly motionless : but 
Bome had a serpentine motion and exactly resembled the filaments subsequently found 
in the blood of rabbit No. 16. (Septic tnbrio of Pasteur.) 

Resurks. — It is believed that this rabbit died of acute scpticsBmia, although the 
symptoms might be interpreted as due to a congestive form of malarial fever. Results 
obtained in subsequent experiments confirm, however, the first supposition rather 
than the latter. 

Experiment 2^o. 7. 

Bat^t Xo. 7. — Injection at midday, September 29 (0.5«« of saliva). Temperature, 7 
p. m., 107.2°. September 30, 8 a. m., 104.8^; 2 p. m., 104.5°; 7 p. m., 106°. October 
1, i a. m., 106.5*^ ; 2.30 p. m., 106.70° ; 7 p. m., 104.2°. October 2, 9 a, m., tempera- 
ture, 98^. Posterior extremities stifl*, pupil normal, respiration normal, vessels in 
ears not congested. Death at 12 m. Post-mortem immediately. Diffuse cellulitis 
extending from seat of injury, with effusion of bloody serum and inflammatory ad- 
hesioD of integument to subjacent tissues. Liver not congested, weight 5.2 grams ; 
bladder, empt^ ; intestines, rather empty ; hardened fseces in rectum ; heart, flaccid ; 
anricles not distended ; spleen weighs 0.45 grams. 

MicroKopicexamiruitian of serum from cellular tissue. — Contains blood corpuscles, gran- 
oiar leucocytes, B, termo, and micrococci, single and in turula-chaius. 

Jficnwoopte examination of spleen pulp, — Red blood corpuscles, granular leucocytes, 
B. termo abundant, many shining spores and groups of micrococci. 

Splern cuHnare No, 4. — A portion of the spleen of this rabbit was i)laced in gelatine 
solution (Lister's apparatus), and microscopic examination made the following day, 
which demonstrated the presence of a few motionless bacilli. 

October 5. — The same solution contains numerous B. termo, and bacilli with spores at 
one extremity. (Fig. 9, Plate II.) 

October 18. — ^The solution contains the organismN above described, the rods of Ba- 
dllus being more numerous, some with and some without spores ; also fre« spores, vi- 
brios, and jointed filaments, of which each joint contains a spore resembling in size 
and appearance the free spores described. The filamente have the same diameter as 
the rodfi of bacilli described, and are like those found in spleen culture No. 1. 

October 2i. — ^The fluid now contains many oval spores of the bacilli previouslv de- 
scribed, and slender flexible filaments having a serpentine movement. This fluid was 

used on October 27 for two injection experiments on rabbits 10 and 11 . (See page ). 

Remarks. — It cannot be doubted that in the case of rabbit No. 7 the cause of death 
was diffuse cellnlitis and septicssmia, produced by the subcutaneous injection of ten 
minims of saliva from my own mouth. Whether this rapidly fatal form of septicae- 
mia was produced by the secretions of my mouth with the contained organisms and 
histological elements (epithelial cells and mucous corpuscles) because of an unusual 
septic condition of these secretions due to personal or atmospheric conditions of a tem- 
porary cnaraoter, or whether the same result would follow as a rule at other times 
and in other places, can only be determined by additional experiments.* 

My experiments thus far having demonstrated that fatal septic results were pro- 
duced by the subcutaneous injection of my own saliva, and suspecting that the pa- 
thogenic properties of the fish-gelatine solution (experiment No. 4) were of the same 
nature, I sabsecjnently made a variety of experiments with a view to throwing light 
upon this question. These experiments I shall report in the order which seems most 
convenient, without reference to the dates at which they we made, and first I shall 
give fatal oases. 

Experiment No, 13. 

Rahbit No. 12, October 7, 9 a. m. — Injected into right flank 1.35<=cof water shaken up 
with a little material scraped from the surface of gutter-mud in front of my labora- 
tory (comer Oravier and Rampart streets. New Orleans). Temperature, 1 p. m., 106° ; 

" BaUTMOIB, Jwu 12, 1881.— For results of an experimental research undertaken for the purpose of 
■■ttlliig the qnMtlon here raised, see Special Keport to National Board of Health in Bulletin No. 44, 
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6 p. m., 1070 : October 9, 8.30 a. m., lOG^ ; 1 p. m., 106° ; 6 p. m., lO^o. October 10, 
9 a. m., fouud dead. Post-mortem exattiination shows diffuse cellulitis and gangreuous 
Hloughing of the integument and subjacent tissues of the right side of the belly. So 
extensive has been this sloughing that the int^estines are exposed. A very offensive 
odor of putrefaction is given off irom the gangrenous tissues. The rabbit must have 
died early in the night, and was so offensive tnat no further examination was made.' 

Experiment No. 14. 

Bdbhit No, 13, weight 1,088 grams. 

October 15, 10 a, m, — Injected 1«<= of spleen culture No. 1 into left and the same 
amount into cellular tissue of right flank. Temperature, 1 p. m., 104.4° ; 6 p. m., 
102.90. October 16, 8.30 a. m., 104.2° ; 1 p. m., 103° ; 6 p. m., 101.5°. October 17, 
9.30 a. m,, 95° ; 12 m., dead. Post-mortem examiuati<m immediately. Diffuse cel- 
lulitis extending from point of injection . The cellular tissue is inliltrated with bloody 
serum, which swarms with bacteria ; bladder empty ; stomach and bowels moderately 
full ; spleen normal in appearance, weight 0.39 grams. The spleen pump contains 
micrococci (T) motionless, single, and in masses ; liver con^e^ted and dark colored, 
weight 25.5 grams, contains many blood cor{)uscles, some fat granules and granular 
leucocytes. Blood from heart contains granular leucocytes and a very few moving 
spherical bodies, micrococci (f). Cut surface of lung tissue, granular leucocytes, but 
no organisms recognised. 

Remarks. — The granular condition of the leucocytes here referred to is the rule in 
these cases of acute septicsemia in the rabbit, and is believed to represent a degen- 
erative change in the protoplasm, which seems to consist at the outset in the forma- 
tion of little masses, probably albuminoid, or rather regiilar size, and resembling 
micrococci. Later a further change seems to occur, resulting in the formation of fat 
globules. The rather uniform size and the appearance of being sometimes joined in 
pairs or chains which these granules jpresent, raises a suspicion that they may be 
vegetable organisms, and possibly this may sometimes be the case, a point which 
could scarcely be decided by the optical appearances alone. But in my efforts to solve 
this question by means of reagents and staining solutions, I have not found any 
support for the hypothesis that they are of .a vegetable nature. In certain instances 
the protoplasm of the leucocytes from the lungs, liver, and spleen of these septicsemio 
rabbits was found to be diffluent, and to contain numerous actively moving (brown- 
ian movement) granules of uniform size, possibly micrococci (f ). 

Experiment No. 20. 

Babbit No, 18, October 18. — Injected into cellular tissues 2^ of water to which had 
been added, October 10, surface mud from artificial marsh No. 2. This had been 
shaken up in a test tube and then allowed to stand until the date of the injection. 
Temperature, 1.30 p. m.,104°; 6 p. m., 103.5°. October 19, 8,30 a. m., 105° ; 1 p. m., 
106°; 5.30 p. m., 106°. October 20, 8.30 a. m., 100.6° ; 1 p. m., dead. Post-mortem 
examination immediately. Diffuse cellulitis extending from point of injection. 
Bloody serum from cellular tissue swarms with bacteria {B, termOf bacilli, and micro- 
cocci). Liver weighs 534 grams, congested. No organisms recognized in scrapings 
from freshly cut surface of liver, in blood from heart, or in spleen pulp. Liver con- 
tains much fat. 

Es^^ment No, 16. 

Babbit No. 15, October 15.10 a, m. — Injected into cellular tissue 1.5" of pus culture No. 
9 (pus from abscess in flank of rabbit No. 9, which died October 7, was added to fish 
gelatine solution on the same day and placed in a beaker under bell-glass). A micro- 
scopical examination made just before injection showed this solution to contain numer- 
ous minute micrococci. Temperature of rabbit, 1 p. m., 105.8°; 6 p. m., 105.2°. 
October 16, 8.30 a. m., rabbit found dead. Post-mortem examination at once. Cel- 
lular tissue infiltrated with bloody serum, which swarms with bacteria and has an 
offensive odor ; bladder full of limpid urine ; stomach and intestines normal and full ; 
liver weighs' 58 grams, and has a mottled appearance due to leather-colored hue of 
lobules, defined by red outlines of congested intralobular vessels, but surface shows an 
abundance of oil-globules and fatty degeneration of liver cells ; many leucocytes in 
which the protoplasm is diffluent and contains numerous minute granules exhibiting 
active brownian movements ; spleen dark colored and softened, weight 0.78 grams, 
contains numerous red corpuscles, granular leucocytes and masses of red pigment, also 
Bome free oil globules ; no organisms recognized. One lung congested ; auricles and 
large veins distended with dark blood. Microscopic examination of blood from auri- 
cle ; red corpuscles normal, some white corpuscles swarming with actively moving 
granules like those in liver (micrococci f ), a few refractive granules in serum, and 
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mtmercmi MUmierJUawteHts which move acroes the field with a aeqientine motion, ptush- 
ing aside the redcorpnacles in their course. These filaments are less than 1 ^ in diam- 
eter and Twty in length fix>m 50 fi to twice the length of the field of the microscope 
(ZeiBfl^B one-eighteenth inch objective and low eyo-piece). Scrapings from cut sur- 
face of lung contained red corpuscles, leucocytes containing moving granules (brown- 
ian movement) like those in liver and blood Arom heart, and actively moving (brow^- 
ian) granoles of same kind in masses external to leucocytes and apparently e8cu))cd 
ftom them. The organisms found in serum from cellular tissue are vibrios in great 
number, B, Urmo and micrococci. Some liver tissue compressed under glass cover 
shows tiie flexible filaments ( Vibrio serpens f ) found in blood from auricle in great 
niunber and exhibiting verv active serpentine movements. Under the influence of 
iodine Mdntion the flexible nlaments are found to consist of a central portion stained 
bv the iodine and a transparent sheath not colored. The central portion is broken in 
places, bat not regularly jointed. These filaments are not changed by soaking for 
twenty-four honrs in solution of oaustic potash or, in strong liquor ammonia. They 
are deeply ftained by aniline violet, and are without doubt vegetable organisms.* 

jiwMkuwA. — ^The results thus far detailed are tolerably uniform, and there seems no 
FMSonto doabt that the fatal effects which followed the injection of the different ex- 
perimental liquids employed were due to septiciemia, accompanied or prece<led, in 
every instance, except in rabbit No. 4, by diffuse cellulitis extending from the 
point of injection. The septic fluids which gave rise to this result were : water con- 
taininff somoe earth from artificial marsh (experiment No. 20) : water shaken up 
with algCL &o.y scraped from surface of gutter mud in front of laboratory (experi- 
ment Ko. 13) ; saliva, from my own mouth (experiment No. 7) ; fish gelatine solution 
from swamp enltnre No. 1 (experiment No. 4) : spleen culture No. 1 (experiment No. 
14) : pnsoiiltare No. 9 (experiment No. 16). A different result occurred mthe case of 
Taboit No. 9, which died of tetanus four days after receiving the iigection below in- 
dicated. 

■ 

Experiment No, 9. 

BtlMtNo, 9, weight 1,689 grams. 

Odeber 3, 10 a. m.— Injeotea into left flank 1.26^ of water, shaken up with surface 
mod from artaflcial marsh No. 2, of September 30 ; 8 p. m., temperature 105.8^ ; Octo- 
ber 4, 9 a. m., temperature 102.4°; 3 p. m., 102,8°; 7.30 p. m. 102.6°. Octobers, 9 
a. m., 102O ; 2 p. m., 102° ; 7 p. m. 102.4°. October 6, 9 a. m. 101,5° ; 1 p. m.,103° ; 7 
p. iiL,104°. October 7, 9 a. m., 103.2° ; 1 p. m., dead. It will be observed that after 
the rise of temperature on the evening ot October 3, which has uniformly followed 
injections made with various fluids, the temperature did not difler materially from the 
normal until the day before death, when the morning temperature was one and a 
half degrees below the normal, followed by a rise during the course of the day to 
104°, or 1° above the normal. The rabbit commenced to show some rigidity of the 
mosclea of the posterior extremities on the 5th. This hud considerably increased by 
the evening of the 6th, and on the morning of the 7th there was tetanic rigidity of 
aH the mnades of the body, attended with opisthotonos and locked jaws. The pu- 
pils were widely dilated, respiration was rapid, and convulsive movements occurred 
when the animal was disturoed. Death occurred at 9.45. The temperature in the 
rectum ahortly before death was 104°, shortly after death it teas found to he 111.5°. The 
animal weighed 1,534 grams, a loss of 155 grams since itwas previously weighed, at 
the outaet of the experiment. A circumscribed abscess containing stinking pus was 
ibnnd at the point of iigection. A drop of this pus was used to inoculate the gela- 
tine aolntion of pus culture No. 9^ which subsequently proved so quickly fatal to rab- 
bit No. 15. The bowels were distended with gas, serous fluid and fseces. Weight 
of spleen 0.51 fframs, weight of liver 60 grams. Auricles and large veins distended 
with blood. &Bin and spinal cord normal in appearance. Microscopic examination 
of serum from bowels shows much ^anular matter, but no bacteria recognized. Pus 
from abeoeea contains numerous bacilli and micrococci. 

Oetobtr 6. — ^Blicrosoopio examination of blood from auricle placed yesterday in a 
enltnre oell; a olnster of spores and numerous sprouting mycelial filaments of Penf- 
eUHmm gUmeum are found on the edge of the drop of blood. (I think it probable that 
this reralted from the use of forceps not properly cleaned, which had been used a day 
or two befbre in handling rotten banana covered with Penicillium.) Microscopic ex- 

• Baltimoo, Hd., JiufM 12, 1881.~I am now Batisfied that this is the oru aniflin dosoribed by PiMteiir 
as the vibrio ox smticBmla. He says, " There are as manu different stpticcemias at there are different 
tAriaf * * *. jji septicaBmia the vibrion do not appear in the blood until the last thing, bnt in this 
BqaSd one of them takes a peculiar aspect, often longer than the diameter of the field of the micro- 
soepe, and so tnmaparent that it easily escapea observation ; when, however, it is onoe perceived it ia 
esBuy fbimd acaln, /UxMe^ climbing, and removing the blood globtUee as a eerpent moves the grass in the 
' ' ,** Ao. (Cbarbon and SeptioBunia, C. R. Ac. des So. LXXV, 101-116). 



78 REPORT OF THE NATIONAL BOARD OF HEALTH. 

amination of poBi placed yesterday in oultore cell, shows noinerous bacilli and micro- 
cocci in irre^^mar groups, and in sarcina-like masses. 

To ascertain what effect ^latine solution not containing bacteria might have, when 
injected into the cellular tissue of a rabbit, the following experiment was made : 

Experiment No, 18. 

Babbit No. 17 ; weight, 1,906 fi^rams. 

October 15, 10 a. m. — Injected into cellular tissue of right flank 1^ and into left flank 
1« of gelatine solution from stock-bottle containing numerous flocculi of mycelial fila- 
ments (Penicillium glaucum)f but no bacteria. Temperature, 1 p. m., 104.5^ ; 6 p. m.^ 
105° ; October 16, 8.30 a. m.,'i02.4o ; 1 p. m., 103 ; 6 p. m., 103.8<^ ; October 17, 9.:50 a. 
m., 102.2° ; 6 p. m., 102° ; October 18, 8.30 a. m., 102.5° ; 1.30 p. m., 103°. The rabbit 
having shown no symptoms of ill-health, except* the slight febrile movement imme- 
diately following the iiijection, w^ now used ior another experiment. 

Wisning to further test the septic properties of gutter water and the organisms 
found in it, the following experiments were made : First, to ascertain whether septic 
poisoning would be produced by the iinectiou of the larger organisms, Euglena, cili- 
ated infusoria, filamentous algae, &c., found in standing l)ut not putrid water, some 
masses of coniervoid algse (chiefly Spirogyra) were gathered from a little pool of stand- 
ing water in front of my residence, where, owing to a depression in the grading of 
the street and a neighboring water-plug, I have ready access to a fresh- water acqua- 
rium, from which I have been able to ol)tain at any time during the summer a great 
variety of organisms, animal and vegetable, for microscopic examination. This local- 
ity is but one square and a half from my laboratory, in front of which the septic 
material was obtained which proved so rapidly fatal to rabbit No. 12 ; but in thia 
instance my material was obtained from the slimy surface of the mud, whicb was some- 
times covered with water and again exposed to the direct rays of the sun, and putre- 
factive changes were doubtless occurring in the mass of animal and vegetable matter 
mixed with the earthy material found on the sides and bottom of a foul gutter. 

The bright green filaments of Spirogyra and the organisms adhering to them, which 
furnished the material for the following experiments, were, on the contrary, taken 
from comparatively pure water, and were not undergoing putrefactive changes. 

October 25, 8.30 a, m. — Injected rabbit No. 8 (subject of previous experiments not 
yet recorded), with 1,2&^^ of the first washings irom mass of filamentous alf^te collected 
in front of residence as above described, and rabbit No. 10 with 1" of fluid obtained 
by bruising in a mortar with a little rain-water the well- washed filaments of Spirogyra, 

Experiment No, 24. 

Babbit No, 8.— October 25, temperature, 1 p. m., 105.8° : 6 p. m., 103.6° ; October 26, 
12 m., 103.8°; 6 p. m., 103.8° ; October 27, 8.30 a. m., 103°; 2 p. m., 104.2° ; October 
28, 8.30 a. m., 103.6°; 2.30 p. m., 104°; October 29, 8.30 a. m., 103.5°; 2.30 p. m., 
103.?° : October 30, 8.30 a. m., 103.2° ; 3 p. m., 103°. No symptoms having resulted 
from tne injection beyond a temporary rise of temperature immediately following the 
operation, no frirther observations were made until November 4, when the animal was 
made the subject of another experiment. 

Experiment No, 25. 

Babbit No, 10, October 25, 8.30 a, m, — Injected l'^ of water containing chlorophvll 
and protoplasm from filaments of Spyrogyra, prepared as above described, into cellular 
tissue of right flank. Temperature, 1 p. m., 105.5°; 6 p. m., 104.8°; October 26, 12 
m., 104.2°; 6 p. m., 104.8°; October 27, 8.30 a. m., 103.6°; 2 p. m., 104.4°; October 
28, 8.30 a. m., 103^. At this time the rabbit, being apparently in good health, waa 
made the subject of another experiment. 

The above experiments seeming to show that septic results do not follow the sub- 
cutaneous h^ection of infrisoria, algss, &c., not undergoing putrefaction, a further 
experiment was undertaken to see if septicesmia would follow, after the heavy rains 
ana cool weather which has prevailed in the interim, upon repeating the experiment 
which gave such a promptly fatal result in the case of rabbit No. 12. For this pur- 
pose I collected, on November 4, a quantitv of slime from the surface of eutter niud^ 
from which the water had recently receded (shortly after a heavy rain), Dy scraping 
off the superficial layer with my pocket knife and placing it in a bottle. This waa 
shaken up with water, and poured into a filter consisting of four thicknesses of fine 
filtering paper. The filtrate was perfectly transparent, and was used in the follow- 
ing experiment: 
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EacperifMHt No. 29. 

BdbhU No, 5 f Bobject of preyions exx>eriinent, but now apparently in good bealth). — 
Injected into cellnlar tissne of flank. \Si&^^ of above-mentioned filtrate. Temperature, 
5.30 p. m., 106*^; Novembers, 9 a. in., 104°; 3 p. m., 105O; November 6, 8.30 a. m.,. 
104° ; 3 p. m., 104°; November 7, 10 a. m., 103.5°; November 8, 9 a. m., 104.2° ; 2 p. 
m.,104°; November 9, 10 a. m., 104.8°; November 10, 3 p. m., 105.2°; November 11, 
3 p. m., 106°; November 12, 8.30 a.m., 105°; November 13, 8.30 a. m., 105.6^; Novem- 
ber 14, 10 %, m., 105°; November 15, 2.30 p. m., 103.6°; November 16, 2.30 p. m., 
103.8°. Obaervations aiscontinued, but rabbit remained in apparent good health. 

Experiment No. 30. 

BdbbU No, 8. — Subject of former experiments but now in apparent good health ;. 
lias, however, two oircumscribed abscessoB at sit^ of former injections, rfovember 4, 
12 in., iigected 1.26<* of unfiltered water shaken up with scrapings from surface of 
gatter mud as above described. Temperature, 5.30 p. m., 105.2° ; November 5, 9 a. 
m., 103.8°; 3 p. m., 105°; November 6, 8.30 a. m., 104.5°; 3 p. m., 104°; November 
7, 10 a. m., 10e° ; November 8, 9 a. m., 104.2° ; 2 p. m., 99°. The animal is very sick ; 
nas a watery discharge from left eye, which swarms with bacteria. Blood from ear 
oontains granular leucocytes and a large amount of free granular matter, no organ- 
isms recognized. November 9, 8 a. m., found dead; post-mortem examination im- 
mediately; several cheesy masses the size of filberts at points of former injections ; a 
few drops of greenish pus containing amorphous particles of siind« earthy matt-er, 
and many minute bacteria at site of last iiiJection ; inflammatory adhesion of integu- 
mAut. bat no cellalltis beyond this ; stomach and bowels moderately foU ; spleen nor- 
mal in size and consistence, weight 0.78 srams ; liver congested, weight 42 grams ; 
a small amount of fluid in pericardial ana pleural cavities ; lungs congested ; li Ji^s 
and heart covered with a deposit of l^pn, and lungs adherent to chest walls in 
places; contents of large intestine examined and found to contain numerous spherical 
and roid bacteria, and bacilli having a spore at each end like those described and 
figored by Klebs and Tommasi-Crudeli ; fluid scraped from freshly-cut surface of 
liver oontains granular leucocytes, some with moving granules (brownian) and an 
abondanee of fat globules and granules of various sizes. The spleen pulp contains 
masses of orange-colored pigment. No organisms recognized. 

If icrosoopic examination of water used in the above experiment, made November 
10, gave the foUowing result: EugUna vindia^ diatoms, severals species of filamentous 
aune, inclnding one resembling Kleb's Bacillus malaria , Zooglcea ramigera^ and a variety 
oibacteria. The filtered water used to inject rabbitNo2was found the following 
day (November 5) to have on its surface a multitude of minute bacteria and active 
monads. 

RncARKS. — ^The above experiments seem to show that the fatal septic results which 
followed the iniection in the case of rabbit No. 8 were due to something particulate 
removable by nitration ; yet the filtered liquid produced a continued lever, lastine 
for several days in the case of rabbit No. 5. The very rapidly fatal result, attended 
by oellalitiB and gangrenous sloughing of the tissues in the vicinity of the puncture^ 
whidi occurred in the case of rabbit No. 12, may have been due to a greater intensity 
of the septic poison during the hotter weather of the early part of October, when 
this experiment was made, or, possibly, to a partially protective influence resulting 
from the previous injection of septic fluids into the cellular tissue of rabbit No. 8. 
As the latter case was complicated with pleurisy and pericarditis, believed to be a 
result of the last injection, out possibly sequelsd of former injections, it is not possible 
to decide these questions without additional experiments. 

To asoertain whether my own saliva retains the septic properties which produced 
a fotal xesolt in so short a time in the case of rabbit No. 7, the foUowing experiments 
were made: 

Experiment No, 31. 

Novemiber 12, 9 a. m. — Injected 1.26<^ of saliva from my own mouth into left flank 
of rabMt Ko. 10. This raobit has a circumscribed abscess the size of a walnut at the 
lite of last injection, but seems to be in good health. Temperature, 2.30 p. m., 105.6° ; 
November 13, 9 a. m., 105.2°; November 14, 10 a m., 103.8°; November 15, 2.30 p. m., 
ia4<'; November 16, 2.30 p. m., 104.2°. 

Navmmber 21. — ^The animal has shown no signs of ill-health except the slight amount 
of fover immediately following the injection. 

Experiment No. 32. 

JMMI No. 11, Nwember 12, 9 a. m.— Injected into left flank 1.26<» of saliva from 
my ownnKmih. Temperature, 2.30 p. m., 104° ; November 13, 9 a. m., 104.6° ; Novem- 
Iwr 14, 10 a. m., 102.5°; November 15, 2.30 p. m., 104.2°; November 16, 2.30 p. m., 104°. 
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Nwember 21. — ^The animal has not shown any signs of ill-health since the injection. 

As a negative result followed in the cases just detailed, the question arises whether 
this result) so different from the rapidly fatal effects produced by the injection of the 
same fluid in September (rabbit No. 4), is to be ascribed to a protection enjoyed by 
these animals wnich have already been the subject of experiments with septic fluids, 
or to a loss of the septic properties which the secretions of my mouth proved to pos- 
sess during the hot weather. To test this matter the following experiment was 
made: 

Experiment No, 35. 

Rahbit No. 20. — A large female rabbit, not previously used in these experiments, 
weiffht 2176 grams. November 18, 11 a. m., injected into cellular tissue of right flank 
2<* (in two places) of saliva from my own mouth. Temperature, 5.30 p. m., 105° ; 
November 19, 8.30 a. m., 103°; 2.30 p. m., 103.2°; November 20, 8.30, found dead. 
Post-mortem examination immediately. Diffuse cellulitis with effusion of bloody 
serum about point of infection. This serum is swarming with bacteria. Liver 
weighs 72.5 grams : contains much fat and numerous bacteria. Spleen weighs 1.81 
gtams. Spleen pulp contains a quantity of pigment granules and numerous bacteria. 
Blood from auricle contains bacteria. 

Remarks. — ^It is evident that my saliva still retains its septic properties, and the 
inference is that rabbits No. 7 and 8 did not fall victims to septicemia because of the 
protective influence of previous ii\jections of septic fluids. 

To further test the septic properties of gutter mud the following experiment was 
made: 

Experimetit No, 34. ' 

BdbW ^0. 19. a full-grown male, not used in previous experiments. 

November 18, 11 a. m. — I injected 1.26<* of water shaken up with surface slime scraped 
from the crutter mud in front of laboratory. The night before was the coldest of the 
season. Temperature 5.30 p. m., 105°; November 19, 8.30 a. m., 105.2°; 2.30 p. m.j 
105° ; November 20, 8.30, 103.5° ; November 21, 10 a. m., 103.5°. November 22, 8.30 
a. m., rabbit found dead. Post-mortem examination shows diffuse cellulitis extend- 
hig from point of injection, with effhsion of bloody serum which swarms with bac- 
teria. 

To ascertain whether the septic culture fluids, which, in October, produced speedy 
death in rabbits Nos. 13 and 15, still retain their poisonous charactes, the following 
experiments were made : 

Experiment No, 33. 

Babbit No, 16. — Subject of previous experiments. 

November 12, 12 m. — Injected into left- flauk 1^ of pus culture No. 9 (the same fluid 
which proved quickly fatal to rabbit No. 151. This fluid had been undisturbed for a 
considerable time, and care was taken to take up in the syringe only the transparent 
supernatant fluid, leaving the deposit at the bottom undisturbed. Temperature, 2.30 
p. m.,. 104.8°; November 13, 9 a. m., 103.8°; November 14, 10 a. m., 104°; November 
15, 2.30 p. m., 103.8° ; November 16, 2.30 p. m., 103.8°. November 21, the animal re- 
mains in apparent good health. 

As the negative result in this case might be ascribed to protection due to previous 
injections, or to the absence of organisms in the undisturbed upper portion ofihe fluid 
of my culture experiment, the following experiment was made : 

ExperimeiU No, 37. 

Babbit No. 22.— A youns rabbit (less than two months) not previouslv ii^ected. 

November 18, 11 a, m, — 1 iigected 0.5** of pus culture No. 6 into cellular tissue of 
right flank. The fluid was thoroughly stirred before filling the syringe so as to in- 
clude the organisms deposited upon the bottom of the beaker. Temperature, 5.30 p. 
m.. 102.5° ; November 19. 8.30 a. m., 102° ; 2.30 p. m., 105° ; November 20, 8.30 a. m.. 
104.6° ; 4 p. m., 103.8° ; November 21, 10 a. m., 103°. The animal remained in good 
health. 

Remabks.— It is evident that this culture fluid has lost the virulent properties 
which it possessed in October. 

The experiments thus far detailed seem rather to relate to a study of septiciemia 
than of malarial poisoning. Let us now see if evidence more favorable to the conda- 
sions of Klebs and Tommasi-Crudeli can be deduced from the following experiments, 
in which a fatal result did not follow the ioJectioiA made. 

The oscillations of temperature in these cases will, for convenience of study, be 
shown graphically (see Plate lY). 
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Experiment Ko. 5. 

yo. 5. — ^A half-ffrown animal, weighing 320 grams. 
September 29. — Injected 0.75<^ of gelatine culture solution No. 6-2, containiug bao- 
iria diown in Fis. 1, Plate II (B. Uneolat), On the morning of October 5 a second 
injection was made of 1.26<^ of the gelatine solution from culture esperimeut below 
described. On the morning of September 21 one fluid drachm of fresh gelatine solu- 
tion was placed in a 2-ounce bottle ; and by means of a water aspirator, which was 
Jilaced npon the sidewalk in front of my laboratory, twenty gallons of air were pro- 
ected tlut>ugh a small orifice against the surface o^ the gelatine solution. The fol- 
owing day a microscopical examination with Zeiss's one-twelfth-inch objective dem- 
onstrated the presence in this fluid of amorphous vegetable debris f some cells of 2-3 fi 
in diameter, spores of bacilli (f) solitary, in pairs and in groups, and a few motionless 
rods, one seen with a spore at the extremity. September 23. — B» tirmo and bacilli 
haTing a spore at each extremity, resembling the Bacillus malaria of Klebs and Tom- 
masi-Cradeli. September 24. — ^The same as above and radiating masses of rods and 
spores. September 28.— Same as previously described. October 5. — Contains vibrios, 
bacilli, micrococci, and rod-bacteria of many shapes and sizes. At this date 1.26<^ of 
this flnid was injected into the cellular tissue of rabbit No. 5, as indicated by the 
perpendicolar line in the temperature chart. 

It will be seen that this chart taken as a whole represents a remittent or intermit- 
tent fever of very irregular character. The firht portion of the curve representing the 
period between the dates of the first and second injections, shows an initial fever last- 
ing two days, followed by a perio<l of depression below the normal of nearly two days' 
duration, a second rise to a point 1^^ above the normal, followed by a second fall to l^ 
below on the following day. If we refer to charts 8, 10, 11, 16, and 17 on the same 
plate, we shall see that something like this occurred in each of these cases. We have 
an initial fever immediately followiug the injection, a period of depression below the 
normal, and a subseijuent fever of remittent character, in which there is a certain ten- 
dency to a daily remission in the morning, followed by an exacerbation of fever usually 
occurring in the middle of the day. I call attention in the first place to the resem- 
blance of these temperature charts to those of yellow fever, in whirh we have abto an 
initial fever of a single paroxysm, followed bv a depression below the normal, and a 
subsequent reactionary fever of remittent cuaracter. I attribute this resemblance 
to the fact that both diseases are the result of septic poisoning, although presumably 
nf a different kind. And the remittent character of this fever, which is shown to a 
greater or less degree in the different charts to which attention is called, cannot, I 
believe, be fairly compared with the paroxysmal remittent and intermittent fevers 
in man, due to the widely difi'used malarial poison. In the first place the remittent 
character, which is best shown in charts 10 and 11, is for the most nart confined within 
limits ranging only a little more than a degree above or below the normal. In the 
second place the depression occurs during the night and early morning, when the ex- 
ternal temperature is the lowest, and the exacerbation during the middle of the day, 
when the external heat is greatest. From observations upon healthy rabbits I am led 
to believe that such diurnal variations within a somewhat more restricted range are 
rather the rule than the exception ; and in a sensitive animal suttering from any in- 
Jury likely to cause fever, and especially from septicsemia, these fluctuations of tem- 
perature in response to external conditions are not surprising, and would rather be 
luokfd for than otherwise. I therefore look upon this as an irritative fever, the result 
of septic poisoning, rather than as evidence that souie special organism capable of 
producing malarial fever in rabbits has been injected along with the septic organisms, 
which have evidently been present in aU of my culture fluids. 

In chart No. 6 it will be noticed that the curve difiers from those we have Just an- 
alyzed ; in that the temperature did not at any time fall below the normal, and that a 
continued fever, which reached the highest point recorded in any case (107.5^) on the 
sixth day, finally resulted in death on the twelfth day. In this case the fluid injected 
was putrid urine, which had been inoculated two days previously with a minute drop 
ot putrid meat-Juice containing B, termo. 

The following is a history of the case : 

Experiment Xo, 6. 

Babbit Ko, 6. — Half-grown animal of the same litter as Nos. 4, 5, and 7 ; weight, 
390 grams. Ii^ected 0.73^ of urine into cellular tissue of right side at 12 m. 

September^, — ^The animal became thin and feeble several days before death, which 
occurred October 11, and Had a mucous diarrhoea. The discharjj^es were foun4l to con- 
tain a great variety of bacteria, among others some resembling the B. malaricB of 
Klebs and Tonunasi-Cmdeli. A little encysted cheesv matter was found at points of 
ii^ection. The spleen weighed 0.39 gram's and the liver 2.07 grams; On the I5th a 
Giutnre cell, eontainins bl(Md taken Som the auricle of this animal, was examined 
with Zeias's one-twelftn inch objective, and no organisms were discovered. Another 
enltnre cellf containing a drop of boiled urine and a little spleen pulp, collected with 

4429NBH 6 
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care from interior of organ, was fonnd to contain nmnerons micrococci in pairs, 
chains, and zooglocea masses^ 

Experivnent No, 6. 

JRahUt Xo, 8. — ^Lar^ male ; weight, Iy922gram8. Injected 1.25<^ of gelatine culture 
fluid No. 1 {from artificial marsh No. 1) at 8 a. m., September 30. A second injection 
(experiment No. lO'jJ of 1.26«« gelatine culture No. 2 was made at 10 a. m, October 7. 
A third injection or 2^^ of same solution injected at two points (1«^ in each) at 1.30 
p. m.| Octuber 18 (eaBperiment No, 19). 

It will be seen by referring to the* temperature chart (No. 8, Plate IV) that a par- 
oxysm of fever followed each ii^ection, but that no evidence of a remittent or inter- 
mittent character was exhibited, except after the second ii\jection. The record for 
eight days following this injection mi^ht be supposed to sustain the hypothesis that 
the fever was of a malarial nature, if supported by a sufficient amount of trust- 
worthy evidence of the same kind, unfortunately a stady of the temperature charts 
of other rabbits made the subject of experiment, including my own and those oper- 
ated upon by Klebs and Tommasi-Crudeli, gives but little support to this hypothesis. 
This fragmentary evidence, which is open to the criticism already made, viz, that 
the fluctuations may be due to the diurnal variations in the external temperature. 
can hardly be relied upon for establishing a diagnosis of malarial fever. It e^ould 
be noted that the ii:^ections in the case of this rabbit produced tii every instance u 
circumscribed abscess. One or two of these abscesses, after a considerable time, 
pointed externally. 

Siperiment No, 11. 

JRahhit No, 10. — ^Adnlt male, weight 1,534 grams. 

October 8, 12 m.— Injected into cellular tissue of flank 1.35<^ of gelatine culture No. 
2. No abscess followed this iiijection, so that the case may be considered an uncom- 
plicated one. The temperature chart is believed to represent a non-fatal case of sep- 
tiCflemia, and calls for no special remark beyond what has already been said. 

Experiment No, 28. 

On the 28th of October this rabbit, being apparently in good health, received an 
injection of 1.3^<: of spleen culture No. 4, the bacilli and other organisms already de- 
scribed being stirred up from the bottom before filling the syringe. A sharp paroxysm 
of fever followed this injection, but temperature observations were not made after the 
third day. The animal remained in apparent good health, and on the 12th of Novem- 
ber was used for another experiment already detailed. 

Experiment No, 12. 

Rdbhit No, 11. — ^Adult female, weicht 1,410 grams. 

October 7, 12 m. — Injected 1.35^ of spleen culture No. 1 into ceUular tissue of right 
flank. An abscess formed at point of^injection which discharged itself at the centre 
of the belly. The temperature curve, shown in Chart 11, Plate IV, calls for no spec- 
ial remark. 

Experiment No, 26. 

On the 29ih of October a second in|ection of 1.26<^ of spleen culture No. 4 was thrown 
into the cellular tissue of right flank of rabbit No. 11. In this case care was taken 
not to disturb the organisms deposited at the bottom of the beaker, only the trans- 
. parent supernatant fluid beinff used for the injection. The result was not very dif- 
ferent from that obtained in uie case of rabbit No. 10, in which the orsauisms were 
stirred up from the bottom before flUing the syringe. In neither case did any notice- 
able result follow, beyond the temporary paroxysm of fever immediately following 
the injection. 

Experiment No, 17. 

Babbit No, 16.— Weight 1,596 srams. 

Oatober 13, 10 a, m. — Injected Into subcutaneons connective tissue of left flank 2^^ of 
culture flnid No. 6-2' (containing bacteria^ shown in Fig. 1, Plate n.) The tempera- 
ture curve is shown in Chart 16, Plate IV. In this case the initial fever produced by 
the ii^ection, and immediately following it, was higher than in any other instance. 
Attention is especially called to the remarkable resemblance of this chart to that of 
many cases of yeUow fever. 

Experiment No, 21. 

Babbit No, 17.— Adult male, weisht 62i oz. 

October 18, 2 p. m, — ^Ii^jected 1.2^ of gelatine solution from culture experiment No. 
4, containing numerous filaments (see Fig. 8, Plate 2), and vibrios (see Fig. 4, Plate 

The temperature curve is shown in Chart 17, Plate IV, and calls for no special re- 
mark. 
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CON'CLUSIONS. 

A great number of minute algae, including bacteria of various formSi are found upon 
the surface of swamp-mud in the vicinity of New Orleans, and also in the gutters 
within the city limits. 

llany of these forms may be successfully cultivated in fish gelatine solution (method 
of Klebs), and this fluid, previously innocuous, acquires pathogenic properties as the 
result of inoculation with these organisms. 

It is evident that the pathogenic properties acquired by gelatine solution and other 
organic liquids after inoculation with bacterial organisms is due, directly or indi- 
rectly, to tne presence of these bacteria, for, if they are excluded, such fluid may be 
kept indefinitely without undergoing change, and are innocuous when injected be- 
neath the skin of a rabbit. 

Some of the organisms found in swamn mud, in gutter- water, and in human saliva 
are capable of multiplying within the body of a living rabbit, and the fluids and organs 
oontaining them (blood, serum from cellular tissue, spleen, (Slc), possess virulent 
properties. In other words, an infectious disease is produced which may be trans- 
mitted from animal to animal by inoculation. 

Among the organisms found upon the surface of swamp-mud, near New Orleans, and 
in the gutters within the city limits are some which closely resem1)le and, perhaps, 
are identical with the Badllus nutlaricB of Klebs and Tommasi-Crudeli ; but there is no 
satisfactory evidence that these, or any other of the bacterial organisms found in such 
situations, when injected beneath the skin of a rabbit, give rise to a malarial fever 
corresponding with the ordinary paludal fevers to which man is subject. 

The evidence upon which Klebs and Tommasi-Crudeli have based their claim of 
the discovery of a Badllua malari<B cannot be accepted as sufficient ; (a) because in 
their experiments and in my own the temperature curve in the rabbits operated upon 
has in no case exhibited a marked and distinctive paroxysmal character; (h) because 
healthy rabbits sometimes exhibit diurnal variations of temperature (resulting ap- 
parently fh)m changes in the external temperature,) as marked as those shown in their 
charts ; (c) because changes in the spleen such as they describe are not evidence of 
death nrom malarial fever, inasmuch as similar changes occur in the spleens of rab- 
bits dead from septicsemia produced by the sub-cutaneous injection of human saliva ;* 
(d) because the presence of dark-colored pigment in the spleen cannot be taken as 
evidence of death from malarial fever, inasmuch as this is frequently found in the 
spleen of septiciemic rabbits (/. c). 

While, however, the evidence upon which Klebs and Tommasi-Crudeli have based 
their claim to a discovery is not satisfactory and their conclusions are shown not to 
be well founded there is nothing in my researches to indicate that the so-called Bacil- 
lu» wutlarUBf or some other of the minute organisms associated with it, is not the active 
affent in the causation of malarial fevers in man. On the other hand there are man v 
ofrcnmstances in £Avor of the hypothesis that the etiology of these fevers is connectect, 
directly or indirectly, with the presence of these organisms or their germs in the air 
and water of malarial localities. 

The truth or falsity of this hypothesis can only be settled by extended experimental 
investiffations, and while further experiments upon animals may lead to more definite 
results it seems probable that the experimentum crucU must be made upon man him- 
self. 

In a disease not of a fatal character and one for which we have a prompt and re- 
liable remedy, it wonld seem that subjects for experiment misht be found, especially 
among medical men and medical students, who have always snown themselves ready 
to subject themselves to inconvenience or even to danger in the pursuit of scientific 
discoveries of value to mankind. 

The method of conducting such experiments which seems to me to promise the best 
results is the isolation ana cultivation of the various organisms found in malarial 
localities which may possibly be concerned in the production of malaria, a careful 
study of the life-histories of these organisms, and an experimental investigation of 
the physiological action of each when taken into the stomach, or respired in a dry 
state, by heathy individuals. Such a study, to be of value, will necessarily involve 
a oonsiaerable expenditure of time and money, and requires that the experimenters 
shall be familiar with the most approved methods of making culture-experiments 
and with the technique of microscopical manipulations with high powers, improved 
illuminating apparatus, &c. 

Another method worthy of trial in connection with this would be to carefully 
study the bacterial organisms found in the mouth and alimentary canal of persons 
suffering from malarial fevers t as compared with the common forms constantly found 

* This statement is baaed upon obserrations made subsequently to those recorded in this report. (See 
special report to National Board of Health. " A £stal form of septiovmie in the rabbit, prodaoed by 
the sobcaUneoos ii^ection of homan salira. "—BuU^Cin, No. 44, IprQ 80, 1881.) 

1 1 do not refer to an examination of the blood, as a careftil search in a considerable number of cases 
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in tbe aame sitnations in healthy individaals; with reference to the determination of 
the presence of nnneual forms or of an abnormal abundance of common forms, or of 
poenble physiological varieties of these forms not possessing morphological peculi- 
arities. 

Finally, I may say that I entered upon this investigation without preJudicOi but 
hoping that I ought be able to confirm the conclusions of Klebs and Tommasi-Cru- 
deB, whose researches were evidently prompted by a truly scientific spirit, and were 
conducted in accordance with strictly scientific methods. I believe that their work 
will prove useful in many ways to future explorers in this field, and have an abiding 
faith that light will eventually be shed upon this and similar problems by the per- 
sistent and intelligent application of the experimental method supported by all the 
resources of modem science. 

Before concluding this report I desire to express my obligations to Dr. Gustav Dev- 
ron, of New Orleans, for numerous favors ana for assistance rendered durins the pros- 
ecution of this investigation ; and to Dr. John DelP Orto, of New Orleans, lor a trans- 
lation of the memoir of Klebs and Tommasi-Crudeli, a labor which he voluntarily 
undertook in the midst of active professional work, and for which he has my sincere 
hanks. 

DESCRIPTION OF PLATES. 

Plate I. 

Ji«. 1, 2, and 3. — The Bacillus malarice of Klebs and Tommasi-Crudeli : reproduced 
by photography and the heliotype process from their figures. (See their memoir 
Stndi Bulla I^atura della Malaria, Roma, 1879. ) The figures are reduced to about four- 
fifths the original size. (See p. 2. for description of the Bacillus malaria.) 

F\f. 4. — Bacteria from surface of bouillon y exposed in biological laboratory, Johns 
Hopkins University, Baltimore, Md., May, 1881. X 1,000 diameters by Zeiss's one- 
eidateenth objective. 

Tig. 5. — Minute filamentous algse, Oscillatoriese and Leptothrix, from gutter- water 
New Orleans ; common and widely distributed species, x 180 diameters. 

Fig, 6. — Bacilli in leptothrix chains, resembling Klebs and T^mmasi-Crudeli's Fig. 
1, from surface of bouiilan exposed in laboratory, Baltimore, Md. X 1,000 diameters 
by Zeiss's one-eighteenth-inch objective. 

Fig, 7. — ^Protococcus (changed in appearance by iodine stainins), and minute bacilli 
from surface of glass-slide exposed over swamp mud — ^'artificialmarsh'' — in labora- 
tory, New Orleans, September, 1880. Some of these bacilli presented the appearance 
of havinff spores at each extremity like those figured by Klebs and Tommasi-Crudeli. 
X 1,000 diameters by Zeiss's one-eighteenth-incn objective. 

Fig, 8. — ^Minute alga (Leptothrix), from surface of swamp mud near New Orleans, 
September, 1880. Common also in gutter- water, x 1,000 diameters by Zeiss's one- 
eishteenth-inch objective. 

JFig. 9. — ^The same alsa, apparently, as that shown in last figpi^* from diarrhosal 
discharges of Dr. 8. wnile in New Orleans, September, IBBO. This form was quite 
abundant and was observed on several occasions. With the exception of a slight di- 
arrhoMS the subject was in good health at the time, x 1,000 diameters by Zeiss^s one- 
eighteenth-inch objective. 

Plate II. 

Fif, 1. — ^Mycoderma (Bacterium llneola f } from surface of fish-gelatine solution, cult- 
ure No. 6 (see page 4,) inoculated with mud from bank of Mississippi River, New Or 
leans, September, 1880. X 1,500 diameters by Zeiss's one-eighteenth-inch hom. oil im. 
objective. 

Fig. 8. — Bacteria from surface of fish-gelatine solution inoculated with swamp mud 
(see page 5), culture experiment d la Klebs and Tommasi. X 1,500 diameters by 
Zeiss's one-eighteenth-incn objective. New Orleans, September, 1880. 

Fig, 3.-^The same as Fig. 2 from bottom of gelatine culture— solution, showing 
nM>reB (f ) at each extremity and sometimes a central spore like those described by 
Klebs and Tommasi-Crudeli. X 1,500 diameters by Zeiss's oue-eighteenth-inch ob- 
jective. This and the preceding figure are from preparations stained with sulphuric 
acid and iodine solution. (See account of method in Monthly Microscopical Journal, 
April, 1881.) 

wiUi a ZelM*» ODe-eightoenUi-inch objective hM failed to demonstrate the presence of any omnisma 
in tiie Uood of ni^enta sofferinff from pronounced malarial fever. The absence of ' ' germs *' from the 
blood does not, nowever, settle uie question airainst the supposition that these fevers are parasitic genn 
diseaaei, as tide pathogenic organism may find a congenial habitat in the aUmentarr canal, in the lym. 
phatlea, or etoewhere, and may not thrive in the blood-stream itself. In the fatal form of septicamia 
which ihavexeoently investigated the micrococcus multiplies abundantly in the sub-cutaneous connect* 
ire tlasas from the moment mat it is introduced by infection, but it does not enter the blood until tbe 
case is Bssr a Iktal termination. Pasteur has founoL the same to be the case in a form of septicmnia 
" ~ 1^ Ub In which the pathogenic organism is a long and slender vibrio. 
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Fig, 4. — ^Vibrios in gelatine solution (culture experiment). New Orleans, September, 
1880. X 1,000 diameters by Zeiss's one-eiffhteentn-incli objective. ' 

Fig. 5. — Encysted amcBbse and vegetable organisms developed in fish-gelatine solu- 
tion (culture experiment). (See pa^ 4.) New Orleans, September, iSO. X 1,000 
diameters by Zeiss's one-eighteenth-inch objective. 

Fia. 6. — Proiococcus from surface of glass slides exposed over swamp mud — '^ arti- 
ficial marsh.'* Common form in and alK»ut New Orleans. X 400 diameters by Beck's 
one-fifth-inch objective. 

Fig, 7. — Masses of flexible filaments found in abundance at bottom of fish-gelatine 
solution; culture experiment d la Klebs and Tommasi-Crudeli. (See page 4.) New 
Orleans, September, 1881. X 1,425 diameters. 

Fig, 8. — Same as Fig. 7. X 1,000 diameters. Iodine staining. 

Fig, 9. — Bacilli {B. auhfilis f ) with spores at one extremity Ax)m culture cell contain- 
ing serum from cellular tissue of septicsemic rabbit. X 650 diameters by Zeiss's one- 
twelfth inch objective. This form was frequently found in culture fluids exposed in 
my laboratory in New Orleans, and also in abundance in the fish-gelatine culture ex- 
periments. 

Plate III. 

Temperature charts of rabbits reproduced from the memoir of Klebs and Tommasi- 
Crudeli. The scale has been changed from Centigrade to Fahrenheit for the conven- 
ience of American readers. In this aud the following plate the horizontal lines indi- 
cate degrees of temperature, and the normal temperature of the rabbit (about 103^) 
is Indicated by a heavier line. The perpendicular lines indicate days. 

No. 1. — This rabbit received (April 16, 1879) an injection of 1.6<=c of water ** which 
bad been drawn three days previously from the mud of Caprolace." 

No, 2, — Received (April 16, 1879) an injection — subcutaneous— of 0.6<=*= of fish-gela- 
tine solution inoculated April 11 with mud from Caprolace. 

No, 3. Received (April 'k>) subcutaneous injection of '3^^ of water which had re- 
mained for a Ionic time on the mud of Caprolace. 

No. 4. Received (April 25) subcutaneous injection of l.G/^^ of fish-gelatine solution 
inoculated two days previously with mud of Caprolace. 

No, 5. — Received (May 2) subcutaneous injection of 3.2^ of fish-gelatine solution 
inoculated some^ time previously with mud or Caprolace. 

No. 13. — Received (May 14) a subcutaneous injection of 6.4c<= of culture liquid in- 
oculated with earth nrom the ^'aquitano of the hill." 

No. 15. — Received 6.4"= of water shaken up with earth from Valehetta and filtered. 

Plate IV. 

Temperature charts of rabbits ; Dr. Sternberg's experiments in New Orleans, Sep- 
tember, October, and November, 1880. The heavy perpendicular dash indicates the 
date of an injection. • 

No, 5. — Received, September 29, a subcutaneous iiyection of 0.75" of gelatine cul- 
ture solution No. 6-2 (see p. 8,) and on October 5 a second injection of 1.26« of gela- 
tine-culture solution through which air had been passed by means of aspirator (see 

p. 8.) 

No. 6. — Received, September 29, a subcutaneous injection of putrid urine, contain- 
ing B. termo. Died October 11. 

No. 8. — Received, September HO, a subcutaneous injection of fish-gelatine culture 
aolution No. 1 (from artificial marsh No. 1.) A second injection of 1.26<=^ gelatine cul- 
ture No. 2, was made October 7, and a third injection of 2" of the same liquid on 
October 18. 

No, 10. — Received, October 8, a subcutaneous injection of 1.35" gelatine culture 
No. 2 (inoculated with mud from swamp), and on October 28, a second injection of 
spleen culture No. 4. 

No. 11. — Received, October 7, a subcutaneous injection of 1.35" of spleen culture 
No. 1 (see p. 6), and on October 27, a second injection of 1.26" of spleen culture No. 4. 

No. 16. — ^Received, October 15, a subcutaneous injection of 2*=^ of culture fluid No. 
6-2 (see p. 6), aud on October 24 1.26o" of filtered liquid from gelatine culture No. 
6-2. On November 4 a third injection of 1" of pus culture No. 6 was made. 

No. 17. — ^Receivedj October 15, a subcutaneous injection of 2<^<: gelatine solution from 
stockbottle containing Peniciliium; on October 18 a second injection of 1.26^^ of 
gelatine culture No. 4 ; and on October 24 a third injection of 1" of gelatine culture 
solution No. 6-2. 
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^ FATAL FORM OF SEPTICEMIA IN THE BABBIT^ PRODUCED BY THE 
SUBCUTANEOUS INJECTION OF HUMAN SALIVA, 

AN EXPEBIMENTAL RESEABCH. 

By Geo. M. Sternberg, Surgeon U, S. A. 

In a report made to the National Board of Health in February last, I have fflveu a 
detailed accoant of certain experiments, made in the first instance as a checK upon 
experiments relating to the so-called BadllM maliaria of Klebs and Tonmiasi-Crudeli, 
which show that my own saliva has remarkable vimlent properties when injected 
into the snbcntaneons connective tissue of a rabbit. Further experiments made in 
the biological laboratory of the Johns Hopkins University have lully confirmed the 
results heretofore obtained, and the object of the present report is to place m>on rec- 
ord these last experiments, which are of special interest just now because of^the an- 
Douneement by Fasteur of *^a%ew disease/* produced in rabbits by the subcutaneous 
iinection of the saliva of an infant which died of hydrophobia in one of the hospitals 
of Paris. (Comptes Rendus Ac. d. sc. 1881, xcii, page 159.) 

I have demonstrated by repeated experiments that my saliva in doses of 1.25 c. c' to 
1.75 e. ^. (see note 1) injected into the subcutaneous connective tissue of a rabbit, in- 
fallibly produces death within forty-eight hours. 

I have commonly injected an amount varying from 5 to 25 minims, according to the 
size of the animal, but in small rabbits have had a fatal result in three cases out of 
five follow the injection of 1 minim diluted with 5 minims of water. 

Query. Do similar results follow the injection of other fluids containing organic 
matter In suspension or solution f 

Answer. One c. c'. of my own blood failed to kill a rabbit; 1 c. c^. of putrid urine 
containing B, termoin abundance failed to kill a small rabbit : 1 c. c^. (each) of liquid 
faeces and distilled water (1 to 10) failed to kill two rabbits : 1.25 c. c^. of bouillon un- 
dergoing putrefaction and loaded with B. termo failed to kill a rabbit ; 1 c. c^. of sedi- 
gient from Baltimore water, consisting of organic d^nie and organisms— chiefly Bo- 
dUue mbtilie L^ioikrix pueillay ProtoooccuSy and a few diatoms ana flagellate monads — 
failed (note 1) to kill a rabbit. 

On tne other hand, injections of a small quantity of surface mud from the gutters of 
New Orleans during the month of September, 1880, invariably produced fatal results 
within forty-eight hours. (See unpublished report above referred to.) 

Note 1.— Com and Feltz fooDd as the reaolt of nmneTOfis experiments that the blood of healthy 

Gortons and that of sick with non-infectioas maladies does not produce fatal results when iAiectea 
to the anbcutaneooa tissaes of rabbits (Clinical and Exp. Researches apon Infeotioos Maladies, df^. 
Paris. 1S72). Paateur also has inoculated, without result, the saliva of asphyxiated rabbits and ox 
men dead with common diseases ({. e.). 

Qnery. Does the saliva of other individuals injected in the same manner produce 
similar results 7 

Answer. The saliva of four students, residents of Baltimore (in March), gave neg- 
ative results ; eleven rabbits ii^ected with the saliva of six individuals in rhiladol- 
phia (in January) gave eight deaths and three negative results ; but in the fatal 
cases a less degree of virulence was shown in six cases bv a more prolonged period 
between the date of injection and the date of death. This was three days in one, 
four days in four, and seven days in one. 

Query. Is there any recognizable peculiarity in the saliva which exhibits the 
greatest dei^rce of virulence f 

Answer. In the case of Dr. S., whose saliva shows an exceptional virulence, the 
teeth are sound, the secretions of the mouth normal in physical properties and reac- 
tion, and the general health good. There is perhaps an unusual flow of saliva, but 
no other noticeable peculiarity. 

Query. Is there any plausible hypothesis by which the difference in virulence can 
be explained 7 

Answer. This question will require for its solution more extended experiments. In 
the me4uitime it may be mentioned, as having a possible bearing upon the subject, 
that Dr. S. has been engaged to a considerable extent, during the past two years, in 
studies which have brought him in contact with septic material. Dr. F., of Phila- 
delphia, whose saliva kiued (after a long interval) two rabbits, is pathologist to a 
lan;e hospital, and consequently is constantly brought in contact with septic mate- 
rial. Ifr. N. and Mr. B., whose saliva killed all the rabbits operated upon (four), are 
residents of seaport towns in Cuba. (See Note 2. ) 

XOTB 2.— The poaalbility that this sejntic condition of the secretions of the month may bear some 
relatkn to the protection which these Cubans and myself ei^oy against yellow fever, which is a di- 
sease presenting many points of resemblance to septicemia, has occurred to me, and without at 
preMDt laying any great stress upon this possibility, I think it worthy of further experimental con- 
sldantioii. 
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Query. Is death prodnced in other animals by the subcutaneoas injection of human 
saliva ^rhich is virulent for rabbits f 

Answer. Ipjection of 4<^<^ into each of two small dogs prodnced local abscesses at 
point of injection, but no other noticeable result. (See Note 3.) Injection of 0.25 to 
" into five chickens produced no result. Injection of 0.75" (each) into three guinea* 

Sigs proved fatal to two, one in three and one in seven days. Ii^ection of 0.5^^ into 
ve rats resulted fatally to one only. (See Note 4.) 

NoTB 3. — A dog succumbed, however, to an ii^jection of 1^^ of semm ftt>m the snbcntaneoas cellular 
tissue of a rabbit recently dead. 

Noim i.^The results ootained bv me in these experiments correspond with those reported by Pa»> 
tenr in the paper already referred to. viz. guinea-pifc less susceptible than rabbit, complete immnnity 
of the chickens, and susceptibility of the dog to the " new disease," as the result of injections of bloou 
Irom dead rabbits. 

Query. What is the nature of the fatal malady produced in rabbits by the subcu- 
taneous injection of the saliva of certain individuals t 

Answer. The course of the disease and the post-mortem appearance indicate that 
it is a form of aepticamia. Immediately after the injection there is a rise of tempera- 
ture, which in a few hours may reach 29 to 3° centigrade (3.6° to 5.4° Fahrenheit) ; the 
temperature subseouently falls, and shortly before death is often several degrees be- 
low the normal. Tnere is loss of appetite and marked debility after twenty -four hours, 
and the animal conmionly dies during the second night or early in the morning of the 
second day after the ipjection. Death results still more quickly when the bloo<l, &c., 
from a rabbit recently dead is injected. Not unfrequently convulsions immediately 
precede death. The date and mode of death correspond with that reported by Pas- 
tenr in the memoir referred to. Two rabbits injected with buccalmucus from the 
mouth of a child recently dead with hydrophobia, December 11, were found dead De- 
cember 13. Other rabbits inoculated with the blood and saliva of these died in still 
less time. Inoculation with fresh blood usually produced death in less than twenty- 
four hours. The most marked pathological appearance is a diffuse inflammatory 
csdema or cellulitis extending in all directions from the point of injection, but espe- 
cially to the dependent portions of the body. 

Occasionally tnere is a little pus near the puncture, but usually death occurs before 
the cellulitis reaches the point of producing pus. The subcutaneous connective tis- 
sne contains a quantity of bloody serum, wnich possesses virulent properties, and 
which contains a multitude of micrococci. There is usually more or less inflamma- 
tory adhesion of the integument to the subjacent tissues. The liver is sometimes dark- 
colored and gorged with blood, but more frequently is of a lighter color than normal 
and contains much fat. The spleen is either normal in appearance or enlarged and 
dark-colored. Changes in this organ are more marked in those cases which are of the 
longest duration. 

In certain cases dark-colored pigment has been found in the spleen resembling that 
which has been supposed to be characteristic of malarial fever. The blood is dark- 
colored, usually fluia, and there is a tendency to agglutination of the red corpuscles. 
The blood commonly contains an inmiense nnmber of micrococci, usually Joined in pairs 
and having a diameter of about 0.5 W. These are found in blood drawn from super- 
ficial veins, from arteries, and from cavities of the heart immediately after death, and 
in a few cases their presence has been verified during life ; observations thus far made 
indicate, however, tnat it is only during the last hours of life that these parasites 
multiply in the circulating fluid, and in a certain proportion of the cases a careful 
search has failed to reveal their presence in post-mortem examinations made imme- 
diately upon the death of the animal. This organism, however, is invariably found 
in great abundance in the serum which exudes m considerable quantities from the 
oedematous connective tissue when an incision is made through the integument over 
any point involved in the inflammatory cedema extending from the original punctnro. 
A perusal of the paper of Pasteur, already referred to, has induced me to pay special 
attention in three recent post-mortems to some points to which this author refers, 
which I had not noticed in previous examinations, viz, to the condition of the tra- 
chea, the limgs, and the lymphatic glands in the groins and axillss. 

Pasteur says: ''The cellular tissue is almost ^ ways emphysematous. (This hns 
not been observed to be the case, except to a slight extent in one instance, in the rab- 
bits operated upon by me.^ The lungs are fi-equently filled with not/aux of pulmo- 
nary apoplexy. (I have round this to be case in one out of three rabbits examined 
since my attention has been directed to this point. ") 'A character more constant than 
the last (not more constant, however, than tnat which relates to the volume and color 
of the gangliofu) is the state of the trachea, which is almost invariably red, congested, 
with little hemorrhages ftt>m the smallest vessels.' '' (l have found a marked con- 
gestion of the vessels of the trachea, in the three cases in which I have examined it, 
and in one case the l^rmphatic glanos of the axilln were enlarged and congested.) 

Query. What constituent of the saliva injected produces the fatal malady in ques- 
tion? 

Answer. The following facts demonstrate that the pkeiumena deiaiUd result from the 
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pretence of a living organism found in the saliva — a microooccus — which multiplies abundantly 
in the tuheutaneouB connective tissue, and also in the hlood shortly More or after death, 

(a.) The poison is particulate. This is proved by numerons nitration experiments. 
Example: March 15, 11 a. m., injected 1 ^^ of filtered saliva (filtered through thin stratum 
of plaster of Paris by means of Spren^el's pump) into left flank of rabbit ^ ei^hing 
one pound, and at the same time one-ronrth the quantity of unfiltered 6ali\a into a 
rabbit of the same size. No harm resulted to the first rabbit, while the second 
died the following day at 5.30 p. m. 

(b.) The rirulence of the salira is destroyed hy hoiling. 

(o.) The salira loses its virulence when kept for twenty-four hours in a culture chamher at 
at temperature of 27^ centigrade. 

Note. — ^The presence of B. termo and an odor of putrefactive in saliva kept for twen- 
ty-four hours in a culture chamber shows that changes are occurnnj^ which have 
heretofore been recognized as destructive of the septic poison (organism) icg., the 
virulence of the poison which produces dangerous dissectioii wounds is lost when 
]>ntrefaction changes set in. 

(d,) The addition of one part of a 10 per cent, solution of carholic acid to two parts of sa- 
liva deetroys its virulence, 

(e,) The effused serum from the subcutaneous connective tissue of arahbit recently dead 
produces deaths attended with the same phenomena as resulted from the ivjeciion of the saliva 
in the first instance. But this does not contain epithelial cells or salivary corpuscles, 
and we are, therefore, lustified in excluding these as iK>S8iblo agents in the production 
of the results indicated. Moreover, these are present at all times in the saliva of all 
individuals, while virulence, at least such an intense degree of virulence, is an ex- 
ceptional property of human saliva. 

If,) This serum loses its virulence by filtration, 

Unfiltered serum from a recently dead rabbit has invariably proved fatal in smaller 
«inantity and in less time than is;renuired by the saliva in the first instance^ showing 
an increase of virulence as the result of successive cultivation of the organism iu the 
iKxly of a susceptible animal. This corresponds wi th the results obtainea by Davalne, 
Eocb, Pasteur, and others. I have not attempted to ascertain the minimum quantity 
which will produce death. Davaine says, ''A rabbit may be killed by the iVffrr pMt 
of a drop of septic blood." (Bull, de TAcatl. de Med., 2 s. t. viii, p. 121.) In my 
filtration experiments I ii^ected, however, quantities far in excess of the amount re- 
quired to produce speedy death if unfiltered serum had been employed. 

Example: March 14. Iigected2 cm^ of filtered serum (from subcutaneous connective 
tiasae of rabbit recently dead) diluted with distilled water (1 to 20) without result, 
while one-<|uarter of the quantity (5 cm') of the same dilation unfiltered injected at 
the same time into another rabbit produced death in twenty-four hours. 

ig.) The micrococcus present iu the serum from the connective tissue of a rabbit 
which has succumbed to a subcutaneous injection of saliva may be cultivated in 
bouillon made from the flesh of a healthy rabbit, or in blood serum obtained from a 
healthy dog, and these fluids thereby acquire a virulence which they did not have 
before. 

Mj first efforts to cultivate the micrococcus in urine, in celatine solution, and in 
bouillon made from the flesh of a dog, all proved ineffectual, and these fluids, after 
inoculation with blood or serum from the connective tissue, showed a temporary 
virulence only, which was doubtless due to the presence of the micrococci introduced, 
which preserved th^ir vitality for a certain time, although the conditions were not 
favorable for their increase. After a few days the firstr culture lost its virulence, and 
successive inoculations gave negative results, both as to the presence of the micro- 
coccus and as to noxious properties when injected into rabbits. 

(^) Successive cultures in which bat a small drop is taken each time to inoculate 
a fresh quantity of bouillon exclude the white and red blood-corpuscles (filtration 
experiments have already shown the poison to be particulate) as possible agents in 
the production of this virulence and i>rove conclusively that the veritable cause is 
the presence of a micrococcus, found first in the saliva, then iu the serum from the 
connective tissue and (usually) in the blood of the animal killed bv the injection of 
saliva, and finally in each successive culture fluid inoculated (in the first instance) 
with a small anantity of this serum or blood. Within a few hours after inoculating 
steriliied bouillon made from the flesh of a rabbit Tfirst tested for several days iu a 
culture oven at a temperature of 37"^ cent. ), with blood, or serum from subcutaneous 
connective tissue of a rabbit recently dead, the fluid — previously transparent — be- 
comes opidescent, and upon microscoiiical examination is found to contain innumer- 
able microoocci, solitary, in pairs, (Fig. 8), and in torula chains. The same result fol- 
lows upon inoculating a second portion with a minute drop from the first, and so on. 
The continaed virulence of these successive cultures 1 have amply proved. 

ExampU: April 13. Logected 1 cm' of bouillon culture No. 6 (six successive in- 
ocnlationa, the first with serum from subcutaneous connective tissue of rabbit) into 
left flank of ft large rabbit. Reeult : The animal was found dead on the morning of 
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the 16th, and presented the usual appearances upon post-mortem examination. Its 
blood and the e£fnsed serum in subcutaneous connective tissue contained, as usual, 
an immense number of micrococci, like those already described. 

Query : Does the micrococcus found under the circumstances detailed differ from 
the ^icroooooiM MpttoiM of Cohn, and is it identical with the organism described by 
Pasteur, as present in the blood of rabbits killed by the subcutaneous injection of the 
saliva of an infant dead from hydrophobia (1. c.) ^ 

Answer, Cohn describes the M. aepHcus as follows : 

Little rounded cells of 0.5 fi motionless and crowded in masses or united in chap- 
lets in the secretion of wounds in cases of septicsemla (Klcbs), in zoogloMy in callous 
ulcers, In isolated cells, united in pairSf or in chaplets In the serum of epidemic puerpe- 
ral fever (Waldyer) in all the tissues, vessels, &c., in cases of pyaemia and septlcsemia. 
(The Bacteria; Magnin, Little, Brown & Co. Boston, 1880, p. 76.) 

Pasteur gives the following description of the micrococcus found by him in the 
£ital disease described by him as new, and which he evidently does not consider iden- 
tical with septlciemia, a disease which he had previously studied experimentally. It 
should be noticed, however, that Pasteur recognizes several forms of septicaemia. 
Thus he says: *'And now we see why septicaQmla has so often been confounded with 
oharbon ; their causes are of the same order; it is a vibrio which causes septicsBmia 
and a bacillus which produces charbon. • • • Septicaamla and putrefaction In a 
living being are not tne same thing. There are ae many different septicasmiaa as there are 
different vibrioa. * * * In septlcsemia the vibrios do not appear in the blood until 
the last thing, but in this liquid one of them takes a peculiar aspect, often longer 
than the diameter of the field of the microscope, and so transparent that it easily es- 
capes observation; when, however, it is once perceived it is easily found again, flex- 
ble, climbing and removing the blood-globules as a serpent moves the grass in the 
bashes, etc. (Charbon and septicaemia, C. R. Ac. des Sc, Ixxxv, 101-115.) 

This septic vibrio of Pasteur I found in the blood of rabbits, victims of my experi- 
ments, in New Orleans during the past summer^ but have not since met with it : per- 
haps, because it develops |>08t mortem^ and requires the hot weather of summer tor its 
development. Whether it is an independent organism or is developed under special 
conditions tcom the Micrococcus se^ticus, being an advanced phase in the development 
of this organism corresponding with the spore-producing filaments which have been 
shown to constitute one phase in the life history of Bacillus anthracis TKoch) and of 
Bacterium termo (Ewart) is an interesting question for further researcn. The vivid 
language of Pasteur describes it well, and the wonderful vigor with which this ex- 
tremely slender and almost transparent organism thrusts aside the blood corpuscles 
in its impetuous serpentine movements cannct fail to astonish the observ^er. 

The micrococcus of Pasteur's "new disease" is, on the contrary, quite motionless, 
«nd is described as follows : 

This organism is sometimes so small that it may escape a superficial observation. 
Its form does not di£fer from that of many other microscopic beings. It is an ex- 
tremely short rod a little compressed towards the middle, resembling a figure 8, and 
of which the diameter of each half often does not exceed a half a thousandth of a 
millimeter [=0.5M and corresponding, with the diameter given by Cohn for the 
Micrococcus septicusj also with the micrococcus observed by myself in the form of sep- 
ticssmia described in this report]. Each of these little particles is surrounded at a 
certain focus with a sort of aureole, which corresponds perhaps to a material substance. 

(Note.— The possibility that this appearance is due to diffraction is considered, but 
Pasteur inclines to the opinion that in the case In question it is due to a mucous sub- 
stance which surrounds the organism.) 

The foregoing descriptions answer as well for the micrococcus observed by me as 
if they haa been written especially for it, and it is unnecessary for me to say more at 
present in relation to the morphology of this organism which apparently is Identical 
with that of the Microcoocus septiais of Cohn, and with the organism found by Pas- 
teur in the "new disease'' described by him. Does It, then, follow that the organ- 
isms are identical, and that the phenomena related by Pasteur as resulting from the 
subcutaneous injection of saliva from an infant dead of hydrophobia and oy myself 
from the saliva of a healthv adult represent the same disease f By no means. The 
man of science soon finds tnat things which look alike are not necessarily of the same 
kind. Thus, of two transparent colorless fluids, one may be harmless water and the 
other a corrosive acid ; two embryos apparentlv alike may develop, the one into a 
man and the other into a monkey ; two seeds of the same size and general appear- 
ance may produce, the one a cabbage, the other a turnip. Sec, The argument, then, 
that because a certain bacillus, or spirillum, or micrococcus, is morphologically iden- 
tical with another which is proved to be harmless as to its effects upon an animal 
organism, consequently it must be harmless, has no support from analogv, any more 
than it has from experiment. And it is hiffh time that naturalists and physicians 
should open their eyes to the fallacy of such an argument, as it not only has a ten- 
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dency to close the miads of those who receive it to the reception of demonstrated 
troths, bat also acts to some extent as a bar to the progress of science in this direction. 
The argument is: Bacteria are found everywhere. We eat them, we drink them, 
wc draw their germs into our langs at each inspiration and without apparent injury. 
Tliey are evidently harmless. Your spirillum of relapsing fever does not diflfer (the 
morphological resemblance is admitted) from a harmless spirillum frequently found 
in the human mouth; yoxu Badllna anthracia docs not differ from Baciilua subtUU^ Slc. 
Hie answer is plain. The fact that there are harmless bacteria does not disprove the 
possibility of pathogenic bacteria ; the fact that two thiucs look alike does not prove 
that they are alike ; experiment proves couolusively that the phenomena of anthrax 
are due to the presence and multiplication in the body of affected animal of the 
BacHlua anikr^cUf and that in the fatal form of septicseiuia described in this report 
the efficient cause of the morbid phenomena and of death is the minute micrococcus 
described. Doubtless, harmless micrococci abound. Pasteur finds no dl£fereuce, 
morphologically, between the organism which produces the '*new disease'' described 
by him and that which produces the cholera dcapoules. Ho says : '' By the form which 
it has in the blood the organism resembles the microbe of chicken cholera, but it 
dilfers completely in its functions. We may inoculate fowls with it without their ex- 
periencing the slightest ill effect. (The snme is true of the organism producing the 
form of septicaemia described in this paper.) In the form of chaplets it resembles 
greatly many other organisms which I nave often observed, &.c. 

It will have been noticed from the account already given that the fatal disease in 
rabbits observed by me, and resulting from the subcutaneous injection of my own 
saliva, resembles in many particulars the disease described by Pasteur as new, result- 
ing from the subcutaneous injection of the saliva of a child dead with hydrophobia. 
Another point of resemblance is the fact that the saliva of one of my rabbits recently 
dead has the same virulence as the blood and serum from connective tissue. A se- 
rous liquid, which in some instances escapes from the bowels shortly before or after 
df :ith, also contains the micrococcus in abundance and possesses like virulence. All 
of these points of resemblance form a strong ])robability in favor of the identity of 
the two diseases, but I am not prepared to pronounce a positive opinion upon this 
]H»int, especially since Pasteur, who had previously given much attention to the study 
of septicemia, pronounces the disease observed by him to be new. While I see no 
reason at present for supposing that the disease observed by mo differs essentially 
irom the experimental septicssmia produced by Davaine, Koch, and other investiga- 
tors who, however, obtained their first supply of septic organisms from a different 
source. 

In the light of what we already know, it seems very probable that purperal fever, 
hospital gangrene, and the various forms of septicsBuua known to physicians and 
snrgeons result from the development of pathogenic varieties of harmless and widely- 
distributed species of micrococci, as the result of especially favorable surroundings, 
such as are found in the lochial discharges of a puerperal woman or in the secretions 
from the surface of wounds in a crowded and illy- ventilated hospital ward. 

Just as differences in resisting power to experimental septicemia are exhibited 
by different species of animals, so doubtless individual differences exist in man, 
especially as the result of lowered vitality ; and this want of resisting power, from 
whatever cause resulting, must be counted as one of the conditions favorable to the 
development and propagation of a pathogenic bacterium. Thus we find that in ex- 
perimental aepticssmia the micrococcus docs not invade the blood until the vital 
powers are at a low ebb and death is near at hand.* 

In the dog the vital resistence is competent to withstand the assaults of a micro- 
coccus—injected aubcutaneonsly — having the potency of those found in my saliva, 
and the result of such an injection is simply a circumscribed abcesss. But the in- 
creased power (which is perhaps simply a more vigorous and rapid develop nu^ut) 
gained by ooltivation in the body of the rabbit and a diffuse cellulitis results of fatal 
character. 

The fact obaervedby myself that during the summer months the mud in the gutters 
of New Orleans posaeaeeB an extraordinary degree of virulencct shows that pathogenic 
varieties of bacteria are not alone bred in the bodies of living animals.. The more I 
study this satdeot the more probable it seems to me that in this direction lies the 
explanation of many problems which have puzzled epidemiologists and that the 
sanitarians are right m fighting affainst filth as a prime factor in the production of 
epidemics— a ikctor of which the rhle is easily understood, if this view is correct. 
The presence of septic organisms possessing different degrees of virulence depending 

*Bt Tirtoe of some propeily or mechanism at present unknown, blood, which, external to the body. 
is a iBTiifable raadinm for the development of many species of bacteria, resists their entrance or gels 
rid of them when they eiEBct an entrance, e. g., by iigeotion, so long as it is circulating in the vessels 
of a healthy indiridiiai. 

fXhere is no tmsod to rappose that this is pecnliar to New Orleans, but I have not yet had an oppor* 
tanity to eztMid my ezperlmenti to other places. 
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upon the abundance and kind of pabulum furnished them and upon meteorological 
conditions more or less favorable constitutes^ in my opinion, the epidemic comtitution 
of the atmospherey which wise men were wont to speak of not many years ago as a 
cloak for ignorance. It must be remembered that tne gutter mud of to-day, with its 
deadly septic organisms is the dust of to-morrow, whicn in respiration is' deposited 
upon the mucus membrane of the respiratory passages of those who breathe the air 
loaded with it. 

Whether the peculiar poison of each specific disease is of the same nature or not— 
a question which can only be settled by extended experimental investigations in the 
future — it is altojL^ether probable that this factor orten gives a malignant character 
to epidemics of diseases which uncomplicated are of a comparatively trivial nature. 



APPENDIX 3. 

CARBONIC OXIDE ASA SOURCE OF DAXGER TO HEALTH 
IN APARTMENTS HEATED BY CAST- IRON FURNACES OR 
STOVES. 

By Ira Remse^, Professor of Chemistry in the John S. Hopkins University. 

In 18G5a peculiar epidemic occurred in Savoy. It was a new thing, and conse- 
quently new theories were put forward ta explain it. Among these, the one which 
attracted most attention was that of M. Garret, who, in a communication" read before 
the French Academy, attempted to show that the disease was due to the use of cast- 
iron stoves, firom which in some way carbonic oxide was given ofif, thus contaminat- 
ing the air. 

Greneral Morin then became interested in the subject and requested t Messrs. H. 
Sainte-CLaire Deville and Troost to make a chemical examination of the air in imme- 
diate contact with a specially constructed cast-iron stove heated to redness, as he 
thought that Garret's statement mi^ht possibly be explained by supposing that car- 
bonic oxide passes through the red-hot iron, as earlier experiments of Devillo and 
Troost had shown that this is possible. The work undertaken by the last-named 
chemists led them to the belief that carbonic oxide mav and does pass throngli cast 
iron heated to redness. As their experiments were the drst undertaken to determine 
whether cast-iron stoves are objectionable or not, and as the names of the chemists 
have carried great weiglit in the discussion of the question, it is desirable to know 
here exactly what they did : X 

They first analyzed the air of a room heated by a cast-iron stove, and found considerable 
quantities of carbonic oxide and of hydrogen. They then took the apparatus furnished 
by General Morin, consisting of a specially constructed cylindrical cast-iron stove, 
surrounded by an envelop of cast iron fitting into grooves in plates above and below 
the stove. The air was drawn out of the space between the stove and the envelope, and 
then passed over pumice-stone moistened with sulphuric acid and over caustic po- 
tassa. Thus freed from water and carbonic acid, it was passed into a combustion tube 
containing heated cupric oxide, the water and carbonic acid thus obtained weighed, aud 
the weijghts of hydrogen and carbonic oxide deduced from those of the water an d carbonic 
acid. The amounts found vary between 0.250 and 1.072 parts hydrogen, and between 
0.141 and 1.32 parts carbonic oxide in 1,000 parts of air. These experiments have 
been ^ustlv criticised by others, and I only record the judgment of every thinking 
chemist when I say that the experiments do not furnish satisfactory proof of the 
presence of carbonic oxide in the air. In the first place there is always present in 
the air a certain amount of organic matter of complex nature which by combustion 
will yield carbonic acid and water ; and hydrocarbons, which are, as is well known, 
formed in large quantity by the heating of coal, might also be present in the space 
immediately surrounding the stove. These would also yield carbonic acid and water 
by combustion. 

A little later the French Academy, impressed with the importance of the subiect, 
appointed a committee, consisting of MM. Payen, Morin, Frem^r^ H. Saint e-Glaire 
Deville, Boussy, and Glaude Bernard, to make a thorough investigation. The com- 
mittee began working March, 1868, and continued until f^bruary, 1869, when General 
Morin, at the request and in the name of the other members, handed in an exhaustive 
report to the academy. $ 

* Comptes rendas 66, p. 702. 1 Comptes rendns, 66, p. 83. 

tComptes rendas 66, p. 82. f Comptea rendas 68, p. 1006. 
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Tlie work reported upon comprised, mainly : 

1. ExperimeDts on rabbits. 
By • method ansgested by Claude Bernard, but not described in the report, it was 

detennined that t£e blood of rabbits kept for three days in rooms heated with cast- 
iron stores contained carbonic oxide. 

2. Direct analyses of air of the examined rooms by the method of Deville and Troost. 

3. Experiments with the above-mentioned stove used by Deville and Troost. 

4. Collection of carbonic oxide itself bv passiug the air through a vessel containing 
a lolntioii of cuprous chloride in hydrochloric acid. The gas thus collected was then 
aet free and burned, when, from the characteristic color of the dame, the conclusion 
WIS drawn that the gas was in fact carbonic oxide. 

Afl a result of the investigation, the conclusion was reached : That cast-iron sto vc8, 
u Koon aa their temperature reaches dark-red heat, cause the escape of not inconsid- 
erable qoantitiea of carbonic oxide, a very poisonous gas. 

It is not sorprising that this opinion of a committee composed of such eminent scien- 
tific anthories produced a strons impression. The conclusion quoted has been pretty 
gsnerally accepted as final, and cast-iron stoves have natually come into disrepute, 
ot-air furnaces made of cast iron have also suffered, and *' furnace-air " has often 
been used to signify air contaminated with carbonic oxide. The matter is evidently 
one of great importance from the standpoint of hygiene, and it is desirable here to iu- 
qoire Iww far tne report of the French conmiission cau stand the test of unprejudiced 
criticism. 

In the first place, the experiments with the rabbits, upon which so much stress is 
laid as proving the presence of carbonic oxide, are not fully described in the report, 
and, so far aa i know, they have not been described since. It is imposssble for this 
reason to determine to what extent these particular experiments may be relied upon 
MB fomishinff the evidence which they are supposed to furnish. There is only one 
good method known for the detection of carbonic oxide involving the use of animals, 
and this was introduced some years after the report under consideration was published. 
Ir the committee really used a reliable method it is strange that in the active discus- 
sion which has been carried on within the last three or four years with reference to the 
value of their report the details of the method have not been published. Under the 
circumstances it seems to be Justifiable to disregard the indefinitely described experi- 
ments with rabbits. 

As regards the direct analyses, the case is more difficult. The method used was the 
same as that of Deville and Troost, already referred to. The calculation of the results 
was, however, made in a different way. Instead of assuming that all the hydrogen of 
the water found was originally present as free hydrog«m and all the carbon as carbonic 
oxide, the fairer assumption was made that some of the hydrogen, at least, was pres- 
ent as marsh gas. This would at once reduce the quantity of carbonic oxide found. 
The experiments show that carbonic oxide was present to the extent of 0.04 per cent., 
or 4 parta in 10,000, and that in some cases the amount was even greater. 

It 18 plain irom those experiments that, after the carbonic acid was removed from 
the air experimented on, there were left other substances containing carbon and hydro- 
sen ; and inasmuch as the amount of hydrogen present is not sufficient to account 
K>r all the carbon, assuming the two elements to be united in the form of marsh gas, 
the conclnaion is drawn that carbonic oxide must be present. But this conclusion is 
by no means certainly correct, and there are mainly three good reasons for doubting 
its correctnesa until further evidence is brought forward in its support. These are : 

1. The fiiet that hydrocarbons other than marsh gas and containing a larger pro- 
portion of carbon not only may be present, but are just as likely to be present as marsh 
gas. 

2. The fiMt that there are always present in the air organic substances of unknown 
compoaition which by combustion would increase the quantity of carbonic acid found. 
Eriaman* fonnd anch substances in an unoccupied and unheated room by using the 
method of Deville and Troost, and Dupr^ and Haket have very recently described 
some experiments undertaken for the purpose of determining the amount of organic 
matter in the air. The last-named chemists took extraordinary precautions to remove 
the carbonic acid and water from the air before it was heated with cupric oxide, and 
they distinctly state that these precautions are necessary. Wliile not claiming any 

Seat degree of accuracy for the fiiirures given by Dupr^ and Hake, they certainly do 
ow that the orsanic matter in the air should be considered in such experiments as 
those nnder specuil scrutiny at present. 

3. The fact pointed out bv Dnpr^ and Hake, and just referred to, that it is very dif- 
ficlt to remove all the carbonic acid from the air before it reaches the combustion 
tube. In experiments long continued and involving large volumes of air the error 
occasioned in this way might be comparatively large. Again, taking everything into 

* ZeitBchrift fur Biologie. XIL 328. 
t Joar. Chem. Society. 1881, 93. 
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coDsideration that bears upon these direct analyses, it will be seen that the evidence 
which they afford of the presence of carbonic oxide is far from conclusive. 

Much weight cannot be attached to the experiment in which the carbonic oxide was 
collected and afterward burned. The only evidence that the gas thus collected was 
really the oxide was obtained by burning a few cubic centimeters and taking the color 
of the flame as the test. It cannot be denied that other things may have been present, 
and that the test was a very unsatisfactory one. These few critical remarks are in- 
tended to show that the subject under consideration cannot be regarded as exhausted, 
and that after the report of the French commission new evidence either for or against 
the correctness of the conclusion drawn was loudly called for. 

A few years ago H. Vogel called attention to a very pretty and delicate method 
which he recommended as well adapted to the detection of small quantities of car- 
bonic oxide. The method depends upon the action of the ^as on blood, and consists 
in shaking with a little blood the air to be examined and then examining the blood 
with a spectroscope, the presence of carbonic oxide being revealed by a peculiar ab- 
sorption spectrum which will be described below. Vogel claims that by this method 
0.4 per cent, of the ^as can be detected in the air. In a later article the same author 
describes some special experiments, undertaken at the request of the authorities of 
the city of Berlin, for the purpose or determining whether carbonic oxide was present 
in the air of certain school-houses in that city. Although Vogel succeeded in increas- 
ing the delicacy of his method, so that he could certaimy detect 2.5 parts of the gas 
in 1,000 parts of air, he was unable to And any evidence of its presence in the build- 
ings examined by him. 

J. Gott^chalk was also requested by the authorities of the city of Leipzig to ex- 
amine the air of certain school-houses, and in 1877 his report was published in full, un- 
der the title : '^ Ueber die Nachweisbarkeit des Kohlenoxyds in sehr kleinen Mengen 
und einige Bemerkungen zu per sogenannten Lnftheizungsfrage.'' (Lei]izig, Earth.) 

The method used by Gottschalk consisted in passing the air to be examined through 
a neutral solution of palladium chloride. When carbonic oxide passes through such a 
solution it exerts a reducing action ; small, black flakes of the metal appear, and the 
presence or absence of the gas may be judged of by the presence or absence of the 
Dlack flakes. It is undoubtedly true that carbonic oxide acts in the way described, 
and that very small quantities of it may be detected by means of the reaction men- 
tioned ; but It is also true that certain hydrocarbons which are likely to be in the air 
in the neighborhood of stoves and furnaces act in the same way. Hence, if the solu- 
tion of palladium chloride were changed by the air, we should have evidence of the 
presence of either carbonic oxide or hydrocarbons, or, possibly, some of the easily 
oxidizable organic matters always present in the air. If, on the other hand, no 
change were produced, we might fairly conclude that carbonic oxide is not present, 
at least not in (]|uantity greater than that which the method is known to be able to 
detect. According to Gottschalk, the method is competent to detect 0.22 parts in 
1,000 of air, a fact which was established by a series of experiments undertaken spe- 
cially for the purpose. In the air of the school-houses Gottschalk found no evidence 
of carbonic oxide, from which fact the conclusion may be drawn that the gas was not 
present to the extent of 0.22 parts in 1,000. 

The iiegative results obtained by Vogel and Gottschalk have led to several exam- 
inations of a similar kind. In 1878 there appeared an article,* by S. WolflliUgel, in 
which some of the earlier experimenle are suoject to criticism, and some new experi- 
ments are described. The article opens with a criticism of the results of R. Kaiser, t 
who found carbonic oxide in the air of the Gewerbemuseum at Niirnberg. The gas 
was detected by oxidizing with chromic acid solution, and also by absorption in a so- 
lutiofk of cuprous chloride in hydrochloric acid. As Kaiser does not describe his ex- 
periments with sufficient accuracy to enable the reader to Judge of their value, and 
there are so many precautions necessary in order to insure success, his results are cn- 
tiiely disregarded. 

Aug. Vollertt has also stated that he had detected carbonic oxide in the air of the 
Johanneum at Hamburg ; but the method used by him is the old one of Deville and 
Troost, and he entirely neglects the hydrocarbons, so that no weight can be attached 
to his results. 

WolflhUgeFs own experiments consisted in making a box on the side of a cast-iron 
stove so that one square decimeter of cast iron, that could easily be heated to redness, 
was covered by the dox. The box ended in a tube by which connection was made with 
an aspirator. The air was then examined by means of Vogel's blood-test. By means 
of this test he was able to detect carbonic oxide in tobacco smoke ; but in all his 
experiments with the cast-iron stove the results were negative. 

Several important details are lacking from Wolffhilgers description of his experi- 

*Ze1tocbrift stir Biologie, 14, 606. 

t Mittheilongen dea bayer. Gewerbemiueiima 1877, Bd. I, 2. 

I Ueber Lnftwechsel and Beschaflfenheit der Loft in den ventllirten Rftnmen des Johanneoms. Ham- 
burg, 1878, 22. 
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ments. It is not stated, for example, what relation the piece of caat iron which was 
lieated to redness bore to the heated coal within the stove, whether it was above the 
coal or the coal came in contact with it. The thickness of the plate of iron is also not 
mentioned. 

Some experiments with cast-iron tubes were next tried. The walls of these tubes 
•were 0,25^ to 0.65*"* in thickness, and their internal diameter was from 2.5«™ to 5"". 
They were placed in blast-furnaces and heated to redness. The air drawn through 
them contained considerable qnantities of carbonic oxide, which was easily oe- 
teeted. 

Within a short time past several suggestions have been made looking towards the 
increased delicacy of tne method for detecting carbonic oxide. Among these maybe 
mentioned those of Th. Weyl and B. Anrep*, of C. H. Wolfft and S. v. Fodor.t None 
of the suggestions ai>pear to have been followed up very closely, and the pai)ers in 
which they are descrioed contain no satisfactory evidence in favor of the methods 
employed. There is one method, however, lyhich deserves special attention as it has 
heen tested very carefully by the inventor, and seems to be aamirably adapted to the 
detection of verv small quantities of carbonic oxide. This is the method described 
by W. Hem pel. f It consists of a modification of Yogers blood-tost. By passing air 
to be examined through dilute blood, Vogel could detect 2.5 parts of the gas in 1,000 
of air. Hempel concentrates the effect of the gas by allowing small animals (mice) 
to breathe the air for a considerable period. He then kills the animals and examines 
the diluted blood with the spectroscope. By this means it was found that a much 
smaller amount of the gas can be detected tnan by the original Vo^el method. The 
limit stated by HemperisO.5 part in 1,000, or about one-fifth the limit given by Vogel. 
Hempel contented himself with proving the value of the method. He mentions no 
experiments involving the application of his method, nor has it, as far as I can Icam, 
ever been practically tised in investigating the question regarding the presence of 
carbonic oxide in the air of rooms. 

In view of the uncertainty connected with the subject and its evident importance, 
it seemed to me to be desirable to undertake a new investigation, using that method 
which, after careful study and comparison, should prove best fitted for the purpose ; 
and, at the request of the National Board of Health. I have for some time past been 
engaged upon the work, in the experimental part or which I have had the valuable 
assistance ofHr. D. T. Day. 

The question which I proposed to answer as far as it lay in my power to do so was 
this : Is carbonic oxide a constituent of the air of rooms heated by cast-iron stoves 
and hot-air furnaces, particularly if these are of bad construction and in bad condi- 
tion f There are plainly two sources of danger to keep in mind : 1st. The passage of 
carbonic oxide through cast iron heated to a high temperature ; and, 2d. The escape 
of the gas from fissures in the wall of the stove or furnace. 

A carefol study of the methods which have been used in all the earlier experiments 
led me to the belief that better results could probably be obtained by the use of Hcm- 
peVs method than by any other, though, of course, much depends upon the accuracy 
of HeDipel's statements. If the method is as delicate as is claimed, then it is better 
adapted to the purpose of such an investigation as this than an^ other which has 
ever been used. Accordingly, I first undertook an examination of the method itself, 
for the purpose of convincing myself of its value. I may say at once that my own 
experiments fully confirm the statement of Hemi)el concerning the delicacy of the 
method, and after an examination of other methods and a comparison of them with 
this one, I am taVLj convinced that it is the best one now at our command for the pur- 
pose for irhich it is intended. In order that the experiments described in this re- 
port may be intelligible to those who have not familiarized themselves with the 
method of Vogel alr^uly referred to, and of which that of Hempel is a modification, 
I give here a brief description of the method as used by myself. 

THE VOOEL-HEMPEL METHOD OF TESTING FOR THE PRESENCE OF CARBONIC OXIDE. 

The original method, as given by Vogel ||, is thus described : ** If it is desired to 
test the air of any room with reference to the presence of carbonic oxide, it is best 
to empty in the room a fiask of about lOO^^*^ capacity and filled with water. In the 
empty flask there are then poured 2-3<:°^ of bloody so strongly diluted with water that 
it is onlT faintly colored red, but at the same time distinctly gives the t wo known 
absorption bands when examined in a small test-tube with the spectroscope. If this 
solution is shaken with the air only one minute, the action of carbonic oxide, if it is 
present, can be seen even in the change of color of the blood. It appears more of a 

*Beiifihteder deatsohen obexniaclien QeseUschaft, XUI, 1294. 
tCofTMpoodeiizblatt des Vereines analytischcr Chcraiker. 1^80, 46. 
lYierlagaliraaachrlftfikrdffeDtlicheGeiiandheitHpfloge. 18du. 'M7. 
{Zetts6btiftfflrai»lvti8cho Chemle, XYIII. 899. 
I Bcrichta der dentsonen cbemLschen Oesellschaft, X, 793. and XI, 235. 
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rose color ; the absorption bands are a littlepaler. less distinct, and moved a little 
farther to the left than those of pure blood. Tnis change alone is sufficient to enable 
a skilled speotroscopist to detect the presence of carbonic oxide. 

*' Those who are less skilled may convince themselves, however, by the addition 
of 3-4 drops of strong ammonium sulphide, which, as is well known, causes the dis- 
appearance of the two bands of pure blood, and the appeai^ance of a broad, indistinct 
snadow in their place, while the bands of the blooa which contains carbonic oxide 
are not changed by ammonium sulphide.'' 

The smallest quantity of the gas which Vogcl could detect was 2.5 parts in 1,000. 
Hempel's modification of the test consists, as already mentioned, in allowing mice to 
breathe the air under examination, killing the mice and then proceeding with the 
blood as Vogel reconmiends. The mouse used is placed in an apparatus made of two 
^lass funneu ioined together at their mouths by means of a wide rubber band. The 
air is drawn through this apparatus by means of an aspirator, and at the end of the 
oxperiment the mouse is killed by the most convenient method. I have found it best 
to drop the animal into a tall and narrow cylinder, and to fill this completely with 
water, bringing down upon its mouth a glass plate. In a very short time death fol- 
lows. The mouse is then brought into a small, clean beaker with a little water, and 
out in two in the neighborhood of the heart by means of a pair of small, sharp scis- 
sors. On squeezing the pieces with a pestle enouch dilute blood is easily extracted 
for the observations. If the mice have been used to examine the air of buildings 
situated away from the laboratory, the dilute blood, obtained as above described, is 
best brought into strong glass tubes, so as to completely fill them, and the tubes then 
tiffhtly corked and taken to the laboratory for examination. 

In order to thoroughly accustom ourselves to the use of the method, my assistant 
and myself made a series of observations, the results of some of which are here re- 
corded. 

1. Into a gasometer, the capacity of which is 16,750"°', and which was filled with 
air, there were introduced b3.75«™^ CO, so that the air contained 0.5 per cent, of the 
gas. The mixture was allowed to stand about 20 hours to secure thorough mixture 
of the ^ases ; 10 liters of the mixture were now passed through the Hempel funnel, 
in which a mouse was placed. In five minutes the mouse appeared to snow symp- 
toms of poisoning, and in half an hour it could hardly move. The spectrum of CO 
was very distinct. The time occupied in the passage of the 10 liters of air was two 
hours. 

2. In the same gasometer as that used in the first experiment, 33.52<='n' of CO were 
introduced with air, the mixture thus containing 0.2 per cent. CO. In other re- 
apects the two experiments were identical. The mouse was plainly afifected. The 
blood spectrum gave unmistakable evidence of the presence of CO. 

3. 10«™3 CO in gasometer mixture contained O.Oo per cent. CO. Time, 2^ hours. 
Tolume of gas, 15 liters. CO sprectrum easily recognized, particularly by comparing 
the blood with that of a mouse unaffected by the gas. 

4. Air contained 0.05 per cent. CO. Time, 3 hours. Volume of gas, 14.5 liters. 
CO spectrum recognized. 

5. Air containea 0.04 per cent. CO. Time, 2i hours. Volume of gas, 14.5 liters. 
<X) spectrum recognized, but weak. 

While the experiments thus briefly described will serve to give an idea of the 
character of our preliminary work, it should be mentioned that each one of the ex- 
periments was repeated a number of times with the object of thoroughly accustoming 
our eyes to the characteristic features of the carbonic oxide spectrum. These repe- 
titions were especially desirable in the last experiments involving the smallest quan- 
tities of the gas. At first we were unable to detect 0.05 per cent, with any degree 
of certainty, but after considerable practice with small quantities we had no diffi- 
culty in detecting 0.04 per cent. This is less than the lowest limit mentioned by 
Hempel, viz, 0.05 per cent., but there can be no doubt in regard to the accuracy of 
this statement. The experiments with 0.04 per cent, were frequently repeated, and 
we subjected ourselves 1x) such conditions as to make self-deception impossible. Sev- 
<«ral specimens were prepared by my assistant, some of them beiug affected with car- 
bonic oxide, and the rest not; without any knowledge in regard to the nature of the 
4ifferent specimens, they were examined by me, and, after the necessary practice, 
those which were containinated with carbonic oxide were detected uuerriugly. The 
same process was then reversed. I prepared the specimens, and my assistant detected 
those which contained the carbonic oxide as readily as I had done. Having thus 
trained ourselves for the work with this method, and being thoroughly convinced 
that we can detect carbonic oxide in air when it is present to the extent of 0.04 per 
cent., OTfaur parts in ten thausand, it remained to examine the other methods for which 
great delicacy has been claimed. 

By agitating 10^°^ of blood from five to seven times, each time with about six 
liters of the air to be examined, heating the blood to 90-05^, and passing a current 
of air through it, and then through an aqueous solution of palladium chloride con- 
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tuining one part of the chloride to 60 of water, S. von Fodor* claims to be able to 
dettrct the presence of 0.5 part of carbonic oxide in 10,000 of air. By this method 
lie cluiiiis to have detected carbonic oxido in the blood of rabbits which had been 
kept for some time in an atmosphere containing only 0.4 part of the gas in 10,000 of 
air. He also recommends the nse of tost pax>ers prepared by moistening fine tiltcr 
XKiper with a 0.2 per cent, solution of palladium cnloride ; and states that if the air 
contains ^vAnr of carbonic oxide the paper becomes covered with a black lilm in a few 
minutes; if rvhw the change is effected in 2 to 4 hours ; if Yuhrvy in 12 to 24 hours. 

llie difficalty with this tist has already been pointed out. Other substances be- 
sides carbonic oxide exert a reducing action on palladium chloride, and the separa- 
tion of minute quantities of palladium can scarcely be regarded as furnishing very- 
strong evidence of the presence of the gas. I have made a number of trials with this; 
method of von Fodor, but I have not been able to get results as good as those de- 
scribed by him, nor as good as those which I could easily get by using Hcmpers. 
method. It msv be that in my experiments some essential conditions were not ful- 
filled, but, at all events, the fact remains that, striving earnestly to give the uiethod'. 
a fair trial, I could not nnally accept it, and I certainly cannot indorse the statements; 
of von Fodor concerning it. 

The same writer claims, further, that the color reactions of blood containing car- 
bonic oxide are better adapted to the detection of the gas than the spectroscope. He< 
recommends that the blood be shaken with ammonium sulphide in a test tube, and. 
then examined by transmitted light. If it contains carbonic oxide it appears red;. 
if not, it is tomeid violet. This difference in color is said to be recognizable when. 
the blood has stood in a flask of ten liters' capacity in contact with air coutaiuing' 
0.05 per cent, carbonic oxide. I examined this method oarefully, but soon became* 
convinced that it possessed no advantages over the Hempel method, and the results. 
seemed always to be less reliable. While I never failed to detect 0.04 per cent, of the 
^as by the latter method, 0.05 per cent, was the least that I could detect by means of' 
the color reactions ; and I found that the opinion of neither mv assistant nor myself' 
could be relied on when it was based solely on an examination by this latter method. 

As a resnlt of the work thus far described, then, it will be seen that there is a. 
Tnethod, the indications of which are unmistakable, and which renders it possible to- 
detect the presence of 0.04 per cent, of carbonic oxide air. 

Armed with this method, the next st-ep in the investigation was, of course, to apply 
the method to the examination of the air of such buildings as seemed to bo most, 
suspicious. The indiscriminate examination of buildings without previous careful, 
inquiry in regard to the condition and character of the heating apparatus used in 
them was not desirable. It seemed best to inquire first of those most likely to bo in«- 
formc^ in regard to the condition of furnaces in various public and private buihlings. 
in this city. Accordingly, a number of the city officials, including the health com- 
missioner. fire commissioners, and others, and several of the leading manufacturers. 
of furnaces and stoves, were visited, and asked for the desired information. My thanks. 
are due to all these, who so readily responded to the questions asked. Much valuable- 
information was gathered in this way. It is unnecessary to go into details in regard 
to the places which we selected for examination. Suffice it to say that from first to* 
last the air in a comparatively large number of rooms was examined. Whenever a. 
particuUu'ly bad furnace was neard of, mice were stationed in the inuuediate vicinity 
of the hot-air fines connecting with it. If any special complaint was heard regard- 
ing bad air snpposed to be caused by a furnace or stove, mice were put on the scent. 
It IS believed that in some of the places examined there were as bad furnaces as could 
well be found anywhere. Not infrequently the disagreeable ** close " character of the 
air was verv striking. In short, it is believed that the examination was as thorough 
as it is posnble to moke it. The result of the examination is simply this, that car- 
bonic oxide tros not detected in a single caee, and the oonclueion is justified that in rooms 
heated by cast-iron stoves and furnaces there is not present in the immediate vicinity of the 
hot-air jlues as mm^ as 0.04 per cent, of carbonic oxide. 

This result is in accordance with those reached by Vogel, by Gottschalk, and by 
WoIflThiigel, referred to in the earlier part of the report^ and cannot be disregarded in 
any fnture discussion of the question under consideration. 

Another qnestion remains to be answered, and that is whether carbonic oxide in 
smaller qnanldties than those which can be detected by HempeUs method may not be 
present. There is not^ however, any reliable method for detecting smaller quanti- 
ties, so that the qnest-ion is as yet unanswerable. It is also very difficult to decide 
whether such small quantities of the gas are injurious to health or not. I have not 
nndertaken any experiments on this jioint. Those who have discussed it differ in 
their opinions. 

H. Vogel thinks that any quantity of carbonic oxide which cannot be detected by 
his original method cannot be dangerous. He says : ** When the air of a room, con- 
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tainin^ a verv small quantity of carbonic oxide, has not tlie power to react on the 
Tery dilute blood usea, this air also has no power to poison the much more concen- 
trated blood of the human lungs. The large quantity of oxygen act« as a natural 
antidote, and I consider the presence of smaller quau'^ties of carbonic oxide in the 
air than 2.5 parts per thousand as decidedly not ii:\|urious. Indeed it is possible that 
the human organism may be able to endure even a larger quantity, for it is a fact 
that in tobacco smoke, which is inhaled by millions, carbonic oxide can be easily 
detected by means of the blood-test, and, judpng by the strength of the reaction, thie 
gas is nresent in the smoke in larger quantity than 2.5 parts per thousand. It is 
probable that the harmftdness of small quantities of caroonio oxide has been over- 
•estimated.'' 

Wolff hUgel accepts Vogel's view, and suggests this guide for sanitarians, that as 
long as air does not contain enough carbonic oxide to bo detected by YogePs test 
•(that is, 2.5 parts per 1,000) it may be regarded as uninjurious. 

On the other hand, von Fodor takes ^uite a different view of the matter. Accord- 
ing to his experiments, when air contains 4 parts of the gas in 1,000, rabbits become 
xmconscious in it in four hours ; if 3 parts are present the effect is reached in 24 
hours, and even with 1.3 parts decided symptoms are produced when the air acts for 
seyeral days on the organism. But man is more sensitive to the action of carbonic 
oxide than animals, as Friedberg has shown in his treatise, '* Vergiftung durch Koh- 
lendunst " (Berlin, 1866), and as follows from the fact that animals easily recover 
iVom unconsciousness, whereas human beings usually die if they once lose conscious- 
aiess. * * • Further experiments with rabbits showed that even 0.5 parts per 
1,000 of carbonic oxide causes difficnlty in breathing ; the animals stagsered and 
took no food, and were sleepy when the quantity of the gas was reduced to 0.25 parts, 
so that in this dilution it must be regarded as ii^urions to health. The views of 
Ton Fodor may be summed up briefly, thus: As 1.5 parts of carbonic oxide per 1,000 
of air are dangerous to health, 0.5 parts, when inhaled for considerable time, are in- 
jurious, and 0.04 parts are not without influence, it is desirable that the heating ap- 
paratus and sas-pipes in public institutions and private dwellings should be exam- 
ined with relerence to the question whether they permit carbonic oxide to enter into 
the air used for breathing. 

To decide between these widely differing opinions is not part of the work which I 
originally had in mind. It does not, indeed, belong to a chemist to deal with such 
matters. The only point I would make in this connection is that it is better to err 
on the safe side, if err we must. If carbonic oxide can be detected by any method in 
the smallest quantities in air to be used by human beings, measures should be taken 
to prevent its fhrther presence. 

The cases thus far experimented upon are such as were actually met with in occu- 
pied buildings. While the uniformly negative results made it appear probable that 
oxperiments with any specially constructed stoves would also yield negative results, I 
thought it desirable before closing the investigation to test the matter some what further. 
Through the kindness of Messrs. Hutchinson Brothers, manufacturers of furnaces in 
this city, I was furnished with a stoTe of peculiar construction for the purpose of 
ihrther experiments. 

Since the investigation of the French commission, in which a cast-iron stove was 
used, no experiments except those of Wolff hilgel have been made on stoves speciallv 
•constructed for the purpose of determining whether carbonic oxide passes through 
cast iron heated to redness or not. As the met<hod of detection used by the French 
oommission is not infallible, and as that used by WolffbUgel is not as delicate as the 
one used in this iuTestigation, it was thought uiat possibly the use of the more deli- 
oate method might show that thegas really does pass through, as stated by the French 
-commission, though denied by wolffhtlgel. Two kinds of experiments were per- . 
formed : Ist. Those in which the air examined was drawn from the top of the stove 
consisting of cast iron heated to redress ; and 2d. Those in which the air was taken 
from a space on the sideof the stove in direct contact with the hot coal. 

The stove used is a simple cylinder of wrought iron about two feet high and one 
and a half feet in diameter. It is so arranged uiat it can be filled with coal, and the 
supply of air regulated with ease. The top is a piece of cast iron carefully fitted to 
the cylinder by an air-tight Joint. At the side of the cylinder is a space about six 
inches square fhmished with carefully made grooves, into which plates of cast iron 
of different thickness may be placed, and fitted in air-tight if necessair. with luting. 

Experiment I. The stove was heated to as high a temperature as possible, so that the 
tpp of oast iron was nearly all white hot. The temperature was kept about the same 
throughout the experiment, the dampers being closed the greater part of the time. 
A metallic ftinne] was brought down close to the hot plate ; this was connected by 
rubber tubing with a glass U-tube placed in water for the puii)oso of cooling the air ; 
then connection was made with the double funnel containing the mouse, and by meaus 
of an aspirator air was slowly drawn through the whole system. Twenty liters were 
drawn through in one and a qiuuter hoars. The mouse was killed and the blood 
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inanediftlely examined, bnt the speotroeoope fkiled to revoal the preBenoe of any car- 
iMnio oxide. 

£mrim m t 8. The same atove irae need as in the last experiment, bnt a piece of cast 
izon f inch in thickness iras introdnced so as to £;>im part of the side of the stove. 
The ooal in the stove was above the top of the cast-iion plate, and the plate waske^t 
conaidfirablT above red heat during the experiment. The ftuinel was applied to tms 
j^te and the eiroeriment was, in other respects, conducted the same as the last one. 
ITo evidence of the presence of carbonic oxide was obtained. 

KKptrimmt 3. Same as experiment 2, except that the cast iron-plate used was thinner, 
being from i-i of an inch thick. The space from which the air was drawn was white 
hot. No carbonic oxide found. Sjpecial precautions were taken to prevent the mouse 
from breathing fresh air in the brief interval frt>m the time the passage of air was 
stcypped until toe mouse was killed, which was of course as soon as possible. On 
■topping the aspirator, both ends of the Hempel funnel were closed ; one end was 
then connected with the hydrant and the air displaced by water. 

£in a r i m emi 4. Same as ifxperiments 2 and 3. The plate in this case was iV ^^ <ui 
inch in thickness. No carbonic oxide found. 

All these experiments, then, it will be seen, give negative results, and show that 
nnder apparently the most favorable conditions not as much as 0.04 per cent, of car- 
bonic oxide passes throuffh heated cast iron. 

In view ox the aocumuhiting mass of testimony, of which this report frimishes a 
Mrty against the correctness of the conclusion first authoritatively stated by the 
French commission, it appears to be highly desirable that the work of the commission 
■honld be repeated, account being taken of the influence of the possible sources of 
error to which attention was call^ in the first part of the report. The work would 
be tedious and would require the greatest possible care, but the importance of the 
question involved would Justify the necessary expenditure of time. If this work were 
repeated it might be possible to discover what tne real cause of the bad effects of fur- 
nace air ii. 

In oonclnaion, I will only say that, in view of the results reached in these experi- 
ments, andthoee of some earlier experimeuters which have been referred to, the con- 
fident refoenoes to carbonic oxide as a source of danger to health in rooms heated by 
bot-air fiimaces and cast-iron stoves, which we so &quently hear, certainly ehoula 
be modified to accord with what is actually known. The hypothesis is perhaps Justi- 
fiable that carbonic oxide is present in such rooms, but not tnat it is present in o uan- 
tities as great as 0.04 per cent.'; and it remains to be shown whether such minute 
quantities of the gas, if present, can act ii^juriously on the health of those who 
breathe it. 
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Philadelphia, J«tte 28, 1881. 
The National Board of Health, 

Washington, D. C: 

Gentlemen : In compliance with voar request of May 10, 1880, and also of May 
25, 1881, 1 respectfnlly submit the following report, containing the results of my ex- 
amination of several European sewerage works. 
Very respeotftilly, 

RUDOLPH BERING. 



I. INTRODUCTION. 

The existing diversity of opinion regarding the 1>est method of removing offal and 
waste-water fiom houses and towns can, I believe, be explained, at least partially, by 
certain difBcnlties which meet us in rightly Judging the numerous methods and de* 
signs. It will, therefore, be proper at tne outset to ascertain their nature and exam- 
ine their bearings. 

In comparing the views of the gentlemen directly and Indirectly interested in the 
sewage anestion, it can be observed that the habitual engagement of the mind in 
certain directions tends greatly to influence opinions, and to cause what may be 
termed a professional bias. 

It can be observed in Europe, as a rule, that chemists, physicians, and affricultnr- 
ists are prominent amons the opponents of the water-carriage system. They point 
to the injurious effects of soil contamination by sewers, of the gases and germs ema- 
nating from them, of the pollution of river and subsoil-water, and to various dan- 
Sers which are expected to arise from sewage farming. On the other band, they 
well on the manurial value of undiluted excreta, and the national importance of 
preventing its waste. All these considerations come within the range of their pro- 
fessional studies. 

Again, we can notice that engineers, who find themselves confronted by problems 
snch as the removal of storm- water from the surface of the streets of subsoil -water 
and house refuse, also the construction and cleaning of streets, the supply of water 
to dwellings, its subsequent removal, and, finaUy, the restriction to the utmost econ- 
omv of expenditure, are quite generally in favor of water-carriage. 

dut, also amon^ the latter alone, we discover a division of opinion. Municipal en- 
ffineersof large cities with closely Duilt-up districts and well paved streets, who have 
been obliged and accustomed to provide for the rapid removal of rain-water and the 
protection of cellars, &o., have generally indorsed the so-called ''combined" system 
of drainage for all towns : i. f., leading rain-water and sewage into the same sewers. 

Among the engineers who have drained small towns, where usually quite other con- 
ditions present tnemselves, the ''separate" system is often favored, where sewage 
and rain-water are remov^ in different channels : but we find it likewise recom- 
mended for all towns. Finally, even some of the details of each system form points 
of dispute. 

An inspection of the different methods and works seemed to reveal the fact that 
advocates frequently lay too much stress on the advantages, and opponents exagger- 
ate the defects of systems.* 

In order to obtain a truer Judgment, it is necessary to be aware of this uncouscious 
bias and eliminate anjr warped opinions or relatively insignificant facts and beariugs, 
and realize the essential features in each case. 

The engineer, for instance, should be as conscious of the sanitary demands and 

*I>r. Pettenkofer, the celebrated hygienist, who, at first, quite natmally, was an opponent of water 
carriage, altered his opinion after a tnoroagh sonitliiy of the other demands upon a city and the oapa* 
lillities of en^oerlng soieaoe. 
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Mfioiia/ economy of his works, as his opponents should be careful to look into the 
nature and nHH>s»ity of other city reqnirements, into the technical feasibility of one 
stnu'tur^ satisfuctorily serving several objects, and into the question of municipal 
economy. 

Judgniont is also sometimesmisguidedby ignorance of the particular circumstances 
undf^r which certain sewerage works have grown to their pre«>ent state. 

The financial necessity of making the best use of existing structures has often caused 
Dewdc0i;riis t«> be quite unlike what they would have been under diflfereut circum- 
itauccs. Improvements are sometimes severely criticise<l for this reason, although 
they were the best that could be done under all the governing conditions. 

The physical features of a town will greatly influence the character of design, and, 
if not rightly understood, also give cause fur erroneous opinions. The main drainage 
of LoadoQ has frequently been attacked as being a wrong solution of the metropolitan 
dniunge problem, yet the enormous population, the topography, the proximity to the 
oceiiD, the inesi>ediency and expense of a thorough puriii cation of the sewage, quite 
juHtiiied the authorities in adoiiting the prc;sent system. 

We hear the sewerage of Mem])his objected to on account of the exclusion of rain- 
water. Yet, when considering that there was an urgent necessity of speedily aud 
cheaply sewering the unfortunate town, this feature is fully justified, especially when 
eomuderlng the surface characteristics of its site. On the other hand, it would be a 
like em»r to recommend the exclusion of rain-water, or the separate system for all 
cities, as a few parties have advocated in England and this country. 

The customs of the x>eople can also materially influence the design, at least of de- 
tails, which circumstance, if not considered, calls out an emmeous judgment. The 
hU^ral use of water, for instance, in the many restaurants and fountains in Munich, 
where it is allowed to run continuously to insure coolness for drinking purposes, 
fjR'ilitates arrangements for flushing which in other towns might be impracticable. 
The pail system nas been nurescr^'^edly condemned by certain x)ersons because it was 
fonn«l olijectionable in connection with the use of water-closets, or because it was of- 
fenHive from not receiving proper attention. Its efliciency for economical or other 
reasons where water-supply or sewerage is not available has been ignored. 

Lastly, wo can discover a difficulty in rightly judging the works of a city in the fact 
that iuuovatit>n8 or changes ni-e fi-eiiuently resisted by those in charge either from a 
force of habit in adhering to old customs or from the inconvenience of altering existing 
laws. Although these obstacles are slight, they are distinctly noticeable, and, unless 
realized, oAen assist in warping the judgment of a particular* cose. 

It will thus bo seen that a careful inquiry into various points must be made before 
we can understand the numerous works and designs, and that we must be aware of 
the fact that some oj)inions are given from a sanitary point of view alone, others solely 
from tinancial cx>usiderations, or from conclusions gained in dissimilar localities to 
those in qneation. 

My inspection has led me to believe that the present divergence of views is mainly 
dne to one or more of the above causes. 

The sewerage question must be treated from two aspects. As the works are to re- 
ceive, convey, and discharge organic waste nroducts, the decomposition of which is, 
either directly or indiriKstly, the cause of unnealthful influences, it is necessary to ex- 
amine them urst of all from a nanitarff point of view. When a satisfactory standard 
in this direction can be reached the next inquiry is into the expense attached to their 
esecntion, in other words, into the least possible oo9t at which a sanitary condition 
can be attained. 

Tliese two considerations ahme decide their merits. It will be found that several 
of the systems, if properly designed, constructod, and maintained, will have no serious 
sanitary defects, aud that their relative advantages will depend mainly on the ques- 
tion of cost. As the latter varies with the local conditions, it is evident that these 
will almost wholly determine the selection of the system. 

I will now briefly examine into the difl^erent methods and systems, holding the 
above points in view, in onler to determine their relative value and applicability. 

II. QBNERAL SYSTEMS AND THEIR APPLICATIONS. 

In general, two methods have l^en proposed to satisfy the sanitary stipnlations : 
the •* dry removal " and ** water carriage." 

The former" accomplishes its object either by an immediate and thorough disinfec- 
tion with snbseqnent removal at convenient intxjrvals, or by temporary storage with 
frei|nent remfrvai before decomposition can be rendered ii^urious, and the latter by 
an mmediata and eontinnous self-removal. 

The common oess-jdt shall not be considered, as it, generally speaking, violates the 
sanitary reqnirements. 

For iaoUted eonntry honses, however, its defects will bo insignificant, and where 
tlM expense Ibr a cleaner contrivance cannot be afforded it may be considered ad- 
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miMible, if not situated near the dwelling, and when tlie contents cannot poUnte any 
drinking water. In several European cities cess-pits are prohibited ; in our own cities 
their use is still indorsed, and, because they require the least outlay of money, are in 
fact the prevailing ^stem. 

1. Dryremavah 

Among the methods for dry removal, there are but a few which can be recommended 
from a sanitary point of view. 

DiHnfection, — In order to retard, if not prevent, the escape of dangerous effluvia, 
certain substances are regularly acLded to the receptacle containing the excreta and 
other decomposable waste matter of the house ; and the whole is removed at conven- 
ient intervals. 

Two means can be employed, either absorption, by which oxidation is facilitated 
by the ]^rosity of the material, or decomposition and conversion of injurious com- 
pounds into unirjurious ones. 

The former is accomplished by dry earth or charcoal, &c., the latter by carbolic 
msid, chloride of lime, creosote, 6to. To render the disinfection perfect it is necessary 
to aadthe material after every evacuation and in sufficient quantities. 

Although this method is efficient, yet its trouble and expense, as is easily seen, 
excludes it from extensive application in large cities. Yet when none other is avail- 
able, it gives, with the proper materials, appliances, and proper management, quite 
satisfactory results. 

The well-known dry-earth closet is one of the best examples under this head, and 
the conditions under which it can be recommended are small country towns, villages, 
or isolated buildings, without water supply or sewerage ; provided, particularly in 
the former case, a central authority arranges for the regular supply of fresh earth and 
the removal and sale of the resultmg manure. 

Cask9 andpaiU. — ^If offal is to be temporarily stored near the premises, and not dis- 
infected, but frequently removed (i. e., from one to seven days), it requires to be in- 
dosed in casks, pails, or tubs, so that a free access of oxygen and a consequent rapid 
decomposition, as well as the escape of effluvia, is prevented as much as possible. This 
method is verv common in Europe, especially on the Continent, and as it has been 
given the preference over all others by some authorities, a short description is not out 
ofjplace. 

Oak or iron pails or casks, of sizes rauj^g with the locality and frequency of re- 
moval, are placed under the soil-pipe^ which enters the lid i^enerally with a closely 
fitting Joint. There are two kinds in use, one receiving all excreta, the other per- 
mitting the fluids to filter throueh a sieve, forming a vertical partition, and to tlow 
off into a sewer. The latter, which is much used m Paris, and since June 23, 1880, 
has been made obligatoiy for all new buildings on sewered streets, is called a ^' fosse 
filtre." One-fifth of all houses in Paris are thus supplied. The capacity of the 
''fosse" is from 100 to 1S5 liters, and as it does not retain fluids it fills up less rapidly 
and needs to be exchanged less often. To prevent a consequent greater decomposi- 
tion and dissemination of various gases, the casks should be, and sometimes are, veiy 
carefully sealed. The liquids, which are the more putrescible substances, are by this 
method allowed to get into the sewers, making it an intermediate step between dry 
removal and water carriage. 

The municipal engineers of Paris, who mostly favor the latter, consider the fosse 
flltre an advisable transition from the common pail system (fosse mobile), which is 
still used by nearly four-fifths of the community, to water carriage, because they are 
obliged to act subserviently to the great popular prejudice against introduction of 
fflsces into sewers^ 

These circumstances should be understood, because to start anew with this device 
would certainly be objectionable, for it requires in addition to a system of sewers ex- 
actly like one designed to include the conveyance of feces, the extra expense and 
annovanoe (not to speak of the sanitarv aspects) of the removal of a substance for 
irhich scarcely any money is ffiven by the farmer, as the more valuable ingre<lients 
have been washed oot. Its oischarge into the sewers, moreover, would hardly be 
noticeable, because a great quantity of filth is already present, which is well demon- 
Btxated by the composition of the Paris sewage itself. 

When uie success of the irrigation fields below Paris has become fully appreciated 
by the inhabituits, and after they are extended so as to dispose of all the sewage 
(now onlv one-^th is utilized), it is the intention to simply remove the 'Tosses ni- 
tres" and insert in their place a few lengths of pipe, and thus ultimately get a com- 
plete water-carriage system. 

A far more extensively used cask, one which is entirely independent of a system of 
sewers, is the ordinary ''fosse mobile" of France, the "tonne" of Germany, or the 
"pail" of England. They are simple barrels or tubs, retaining the excreta, and are 
usually exchuiged at intervals varying fh>m one day to one week. Their coutents 
are in a good condition to be sold and used as manure, which, when the transported 
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distmioe in not too great, often allows a margin for profit on the expense for collec- 
tion. When remoTed every one to three days in vans with air-tight doors, when 
"well cleaned at the depot and provided with properly fitting lids and pipe attach- 
ments while in nse, the cask system has no decided sanitary imperfections. This cir- 
cnmatance on one hand, the expense of sewers and dangers of sewer cas, resulting 
from improper constmction or management of the latter, on the other, nave brought 
oat many advocatea of the system, especially in Southern Germany, where it is the 
preTailing one, and where, in some instances, it is exceptionably well managed. 
To eompare faTorably with water-carriage systems, however, it must be restricted 



1. Small towna, on aoconnt of the expense of cartage ; 

9. Towns where the regular exchange of the pails can be enforced with almost mili- 
tary strictness, which is seldom found outside of a few European countries; 

3. Dwellings where water-closets cannot be used ; 

4. Localities where sewerage would be very exx>ensive ; and 

5. Where the waste water can be led over the surface of the ground without cans- 
inffoffense. 

These restrietionB may often canse a close comx>etition with the *^ dry-earth closet." 
From a sanitary point of view the latter has slightly the preference, because it disin- 
fects the filth ; yet it is more expensive on account of the additional cost, supply, and 
removal of the earth or other substance used as disinfectant. 

It will depend, therefore, entirely on local reouirements and peculiarities to deter- 
mine whieh of the two methods is more desirable. 

8» Water-carriage or $ewerage. 

It is now in place to consider sewerage proper, which is a system of continuous nn- 
dergnmnd pipes or channels, causing an immediate and complete self-removal of all 
excreta ana waste water from the dwelling to the place of final disposal. 

To rightly understand certain present conditions, it will be well to glance briefly at 
the histoiy of the snUeot. 

The first sewers in the more modem European towns were obtained simply by arch- 
ins over the natural water-ways, which haa become fouled by general refuse contin- 
nuly cast into them. Their position along the valley lines required a size sufficient 
for the conveyance of storm- waters. 

After the introduction of a regular domestic water supply into cities, there was an 
increased supply of dir^ water running off in the gutters, causing filth and insalu- 
brity hoth in winter and summer; and it was proposed to lead this house-water, to- 
gether with the street washings, directly into the sewers. But the improper con- 
stmction of the later caused a storage rather than a removal of the filth, and their 
conditum, before a heavy, cleansing rain, was about as offensive as a common ccss-pit. 
A seww was synonymous with all that is repulsive, filthy, and disgusting. Under 
such conditions it was suggested in England that the introduction of human excreta 
by means of water-closeu could not materially add to the nuisance which was con- 
sidered unavoidable, as the additional amount of water was enough to flush away 
the additional amount of floating soUds, while the decree of cleanliness attained in 
our dwellings would be much greater than through the use of any other appliance 
forremovaL 

The idea grew In Ikvor wherever extensively tried, and it became evident that the 
water carriage of excrements was rapidly supplanting dry removal. 

However* ue foul conditions of the sewers and their sanitary evils grew worse in 
proportion to the density of population. This was attributed by many entirely to 
the introdoctlon of wat^-cloeets, which were accordingly opposed; by others, to 
imperfections in the sewers themselves. It was recognized that if water-carriage 
was to answer the general hygienic requirements, radical changes were necessary In 
design and construction to prevent deposit and storage of filth. Investigations were 
theiefore made with reference to grade, shape, &c., to facilitate a complete and rapid 
removal, and enough wasleamedto see a practical possibility of attaining good sani- 
tary condirions. Aen, as it was found that most of the old existing sewers could not be 
made to answer the new demands, mainly on account of their shape and grade, it became 
a question of eoonomy whether they should be entirely replaced or us^ for a purpose 
less exacting. This circumstance gave origin to the ** separate system," when rain- 
water alone flowed into the old sewers, the house drainage being led away by a new 
mtem of very much smaller pipes. A small amount of rain-water was turned into- 
the latter tnan back rooft and yards, in order to give them an occasional flushing. 
When, however, no old sewers could l>e systematically utilised in this way, and the- 
rain-water remov a l was an inoportant consideration, we find that the *' combined sys- 
tem" was adopted, leadiuff off rain- water and sewage by the same channels, as in the 
lamr cities of Europe and here. 

£aaQm phase of tne question now appeared. The extension of sewers increased^ 
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the amonnt of filth discharged into the riven, cansing a pollution of perhaps the 
only available sonrce of drinking water for other towns. This new trouble was 
mostly felt in England, where the population is dense and the rivers are small, and 
where it conseqnently has attracted tlie greatest attention. 

Unless the ''pail system" conld be resorted to and restrictions placed ontbecpiality 
of water led into the old sewers (which was done in the towns of Rochdale, Hulifus, 
dtc.) a sufficient purification of the sewage before discharging into the rivers became 
the only alternative. 

Great efiforts were made to discover an efficient process, and they were encouraged 
by extravagant hopes of gaining a valuable manure. Views differed grently and 
much discussion was elicit-ed. Yet enough experience has been gained to indicate a 
£ur solution of the problem. 

The original expectations have been well sobered down and the question resolved 
itself into the endeavor to obtain a sufficient purification at the least cost to the con)- 
munity, instead of expecting a large profit. Not one but several methods are found 
to give good and economical results, and their respective ad.vantages depeud on local 
conditions which require careful consideration in each case.* 

The last obstacle which prevented the water-carriage system from answering every 
hygienic and economic requirement seemed herewith to be removed. Yet there are 
BtiB a number of prominent men, especially on the Contiueut of Europe, wlio are 
' active in their endeavors to hinder its adoption, notably Dr. Alex. MUUer in Berlin, 
Dr. van Ovjgrbeck de Me\jer in Paris, and Dr. L. Winterhalter in Mimich, chemists 
and hygienim. 

In scanning their elaborate arguments, however, a marked pn>fessioual bias is ob- 
servable, and possible hygienic deficiencies in the water-carriage system seem to be 
greatly magnified, whereas important technical questions are wholly ignored or mis- 
lepresented, and, on the other hand, they have commended substitu^s for tliene cities 
which for engineering or financial reasons are objectionable. Decum}>08ition and 
imperfect ventilation in sewers, soil, and river pollution are judged from bndiy de- 
signed or old works, which modem engineers also condemn, and the best coustrnc- 
tions are thought exceptional or are not given any consideration. On the question 
of sewage disposal they also magnify the defects but overlook the benelits and gains. 
On the other hand, essential }M>ints have often been practically ignored by muuicipal 
engineers. These should appreciate the real aim prompting such attacks and realize 
the dangers to which they may expose communities by im)>roper and careless work, 
thns constructing new and easy means of propagating and cusseminating germs of 
disease. The superficiality with which some sewerage works have been built often 
in our own country is appalling and furnishes critics with abundant materiul, which 
is frequently used against the system itself. 

The pi'esent time nimishes the engineer with enough experience and facilities, as I 
believe from my ins])ection, to economically design, construct, and maintain sewer- 
age works which can efiectively satisfy the just demands of sanitarians. If this is 
to be the conclusion, it must, on the other hand, be based on the condition that engi- 
neers pay greater attention to these demands, and not ignore the fact that they arc uie 
prior claun which the works should satisiy. 

Also for dwellings, where sanit-ary precautions are even more important than in the 
treets, water-closets are preJerable to the best-managed ilry-closets, because a much 
greater degree of cleavuliness can be attaine<l. Thereibre, if all other governing ])oints 
are eijual, water-carriage should always be recommended verttun dry removal. But 
tiie rapid and continuous flow of water-carried sewage from its entrance into the 
sewers to its final outfall forms the chief claim of superiority over the dry removal. 

The remaining point of comparison is the cost. It has already been statt^l under 
what circumstances dry removal will be most economical, w^hich inqdies to a certain 
exteut the conditions under which sewerage is to be preferred. These can now bo 
directly stated as follows : 

1. Where a regular water supply in sufficient quantities is furnished to tbe dwell- 
ings, this being the most essential condition. 

2. Where waste water is sufficiently abundant and foul, and therefore requires rapid 
removal to a distant point, which wul usually follow the former condition, especially 
in lar£i;e towns. 

3. Where the population is dense, which relatively decreases the exiiense per in- 
liabitant. 

4. Where the topographical features and location of the town do not require an 
uni-easonable outlay of money. Water-caiTiage would, for instiince, not. be econom- 
ical in small tow^ns, on very steep and irregular slopes, with be<l-rock near the surface, 
<a where the site is a lon<^, narrow strip alon^ the shoru of a large river, when the 
Qxpense o{ sewerage would be out of xiroiwrtiou to its benefits over the dry removal. 

5. Where the disposal of sewerage oilers no great difficulties or expense. Itisijues- 
tionable, for instance, whether sewerage could be advised for an inland town having 

< * See VI. Btoposal of aewsf^ 
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m irery cold climate and where, from the absence of a large river, its sewerage must 
be pariiied. 

6. Finally, in general, where the interest of the amonnt invested in sewerage will 
be smaller than the cost of dry removal, provided the latter is kept up to a sanitary 
standard. This condition will cause the advantages of water-carriage to increase 
'With the size of the cities, but the exact point beyond v/hich sewerage is cheaper than 
diy removal can only be determined from the local peculiarities. 

After these remarks, applying to water-carriage in general, it is now in place to 
examine into the ways by which it has been effected ; and here, too, we are met by a 
variety of opinions. 

In the main there are two systems, as already mentioned, the ''combined" and 
'^ separate." The latter is again subdivided, on account of different views, into the 
Ordinary, the Shone, and Liernur systems. 

Combined eyetem. — The characteristic feature of this method of sewerage is that it 
serves the double purpose of removing sewage and rain-water by means of the same 
sewers. In tracing its origin it was found that the underground removal of rain- 
water in densely populated cities was considered necessary even before a regular flow 
of sewage was created by the introduction of a regular supply of water ; and at the 
present day, when the built-up districts are even larger and tbe pavements are better, 
which allows a more rapid concentration of rain-water in the streets, this under- 
ground removal in large cities is even more necessary. 

Further, it has been found in London* that during a rain the first wash from the 
streets is likely to be as foul tw ordinary sewage, and therefore it is proper, especially 
when they are not well cleaned, that it should be led into the same channels. 

The combined system, therefore, consistsof a net- work of sewers, liaving a sufficient 
ca][>acity for the removal of storm- water in addition to sewage, and having inlets for 
its reception along the streets as well as in the houses and yards. To x^revent heavy 
snbstances, such as sand, from entering the sewers and silting them up, catch-basins 
are attached to the inlets whenever deemed necessary. To prevent gases, caused by 
the decomposition of sewage, from disseminating where thoy could boinjurions, traps 
are inserted near the inlets in the houses or streets. Yet to enable them to escape at 
properptaces means of ventilation are provided by untrapped pi])es terminating above 
the roofs, by chimneys, or stacks, and by open gratings at intervals in the roadwiyr. 

The disposal of the sewage is attained either by leading it directly into large rivers, 
or by means of intercepting sewers which collect the sewage alone and let the rain- 
water flow Into the nearest water-course, carrying the former to a certain locality, 
where it can be purifled. "Access is had to the works by man-holes at convenient in- 
tervals, and appliances for flnshing are attached wherever necessary. 

To determine the merits of the combined system it is necessary again to examine it, 
first, from a sanitary point of view, and then with regard to its relative cost ; and in 
doing so, it is premised that tbe works are well designed, well executed and main- 
tained. Its sanitary advantages may be said to be as follows : 

The i)eriodical conveyance of large quantities of stonnwater through the sewers has 
a cleansing effect, such as would be expensive to obtain artiticialfy in even much 
smaller sewers. In some cities, mostly in America, this is the only means by which 
sewers are cleaned. However objectionable the omissicm of further cleaning is, it 
cannot be denied that storm- water flushing will always be a powerful agent to main- 
tain the sewers in a sanitary condition, and should be made use of wherever other 
dreuinstances will i>ermit of it. A concomitant ad vantage will be the removal of the 
dirt and filth from the surface of the roads^ unless the street cleaning is otherwise ef- 
ficiently attended to. In Paris it is even round preferable to wash this dirt into the 
sewers at ordinary times,t which enables the streets to be rapidly and well cleaned, 
and the transportation of the silt by the sewage, aided by the ** bateaux and wagons 
vannes,'' with subsequent removal at the outlet, is but little more expensive than 
carting it on the surface. The large size of tne sewers for rain-water removal 
greatly facilitates inspection and cleaning, compared with those which convey sew- 
age nlone, and also greatly decreases the possibility of an obstruction. In spite of 
careful precautions, substances which, theoretically, are to be excluded, will get into 
sewers. Grates are accidentally or willfhlly lifted, up, and articles, such as cans, 
sCTubbiug-brushes, old clothes, and dead animals, have been introduced and subse- 
quently removed as the cause of stoppages. 

As the combined system is a single one, it facilitates the management, and, there- 
fore, increases the probability of having proper attention given it. When two systems 
of sewers are found in the same street, it nas often occurred that connections have 
been made to the wrong sewer, which partially defeated the object of the '' separate 
system.'^ Tftis difficulty is stat<*d lor England in the *' Suggestions of the Local Goy- 

*Analjse8 of street-water by Profemior Way. London. 
tThere are no catch-baiiins lo tbe stieet inleta in Paris. 
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emment Board/' and it wonld be still greater in onr own country, where monioipal 
aflairs are less strictly managed. 

The sanitary objections to the *' combined'' system, as given by the advocates of 
the ^* separate" one, are as follows : 

The difference of velocity during rain storms and at ordinary times is liable to 
cause deposits after the storm is over, when the rapid flow is checked and the sus- 
pended particles are precipitated. The latter is also sometimes aided by a decrease 
of grade in consequence of a larger size of the sewer. This objection, although v^id 
in some cases, cannot be made to rightly designed sewers. Deposits are prevented to 
a great extent by giving the sewers sufficient grade to allow the ordinary flow to 
move the silt which usually sets into them, and not relying on the mean velocity of the 
storm-water to accomplish this purpose. Deposits can also be often avoided by an 
egg-shaped section, in which the invert radius is about as small as Ihe radius of a 
aemicircular section just filled by the ordinary flow. 

Another poiut of attack has been the slimy decomposing coating (in German, sieV 
haut) sometimes observed on the sides of the sewer, which is formed by the adhesion 
of particles floating on the rising and falling surface of the sewage. The objection 
is made chiefly from the anti- water-carriage stand-point, but it applies more to the 
combined than to the separate system, where the change in the surmce of the water 
is not so great. This fllthy coating may undoubtedly at times cause injurious emana- 
tions, yet it can practically be prevented by a regular flushing of the sewer, and also 
by giving the interior a smooth surface, which does not readily permit the adhesion 
of floating matter. A smooth surface is advisable also for other reasons, as will he 
seen later. 

Further, it has been said that flushing cannot clean large sewers as well as small 
ones. This is true under certain conditions ; mainly, when their designs are faulty 
and less care is given to their maintenance. If the cross-section of the flowing sew- 
age is a flat segment, flushing has not the same power as when it is semicircular* 
An egg-shaped section, so proportioned that the in vert gives to the daily flow of sew- 
age approximately a semicircular section, will permit of the same flushing effects as 
a pipe of corresponding size. The only important difference then is with reference to 
the coating on the sides, which is more extensive in the combined sewers. The 
smaller pipes can be entirely filled by a much smaller quantity of water, and there- 
fore this coating can be more readily prevented. But this advantage, though in>- 
portant, has yet been much overdrawn. Without greater cost large sewers can be 
cleaned to a degree which cannot be objected to. as many existing works, especially 
iVaukfort and Hamburg, sufficiently prove. It the water or sewage is dammed up 
by penstocks and used in greater abundance, the effect is quite satisfactory. The 
velocity of the flushing water depends more on its head than on the difference b^* 
tween the sections, m smaller sewers the same (quantity of water can be maintained 
at a ffreater head than in. larger ones, where it sinks more rapidly. 

In Paris feces are kept out of the sewers because, it is said, they cause the offensive- 
ness and danger of sewer air, and, as men are constantly engaged in flushing and 
oleanine out the silt, are therefore objectionable. But experience does not prove such 
an effect of fsDces alone. The air in well-built sewers, with complete water carriage, 
is not at all offensive on this account. In the sewers of Frankfort and many other 

S laces the air is not only equal to but even better than that in the Paris sewers, where 
i has several times occurred, from want of sufficient ventilation, that men have beoa 
suffocated. 

The question of ventilation next demands a few words. It is said that large seweia 
contain a greater quantity of impure air, but impurities emanate primarily from the 
aewage, and their quantity stands in relation to it. instead of to the air in the sewer. 
If the sewage is decomposing and foul^ the air will be worse than when the sewaffe is 
finesh ; and a certain amount of impurities arising into the air will evidently poUute 
it more in small and less in large sewers. It is further jriven as an advantage of the 
former that the entire air can be more readily exchanged in small sewers. Yet, as it 
is more foul in them^ a more fluent exchange is necessary. Dr. Buchanan states* 
that noxious germs m small sewers produce a more intense poison than in large onee, 
and that smaU sewers need the more frequent openings for ventilation. 

The impurities reaching the atmosphere from the same quantity and quality of sew- 
age will be practically the same whether the sewer is large or small. But this sup- 
poses the inner surfaces to be tolerably clean, as they should be and are in most of the 
aewers that 1 saw in Europe. When covered with a thick film of slimy matter in per- 
petual decomposition, it will affect the air contained in a sewer more than the fresh 
sewage. Yet, also from this cause, the size itself is not necessarily objectionable. 
The air will even be less polluted iu a large than a small sewer, other conditions equal, 
because its quantity increases as the square of the perimetrical surface. However, 
when the sewage is fresh and flowing rapidly, and the total amount of impurities gen- 

* Beport of Medical Offioer of the Privy Counoil, 187S, pages 47 and 48. 
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ermted depends more on fhe extent of the slimy sarfleMe, if soeh exists, it is evident 
thA^ iirespectlTe of the degree of poUntion, this total amonnt will be sreater in a 
oomoined sewer. The interior surface most, therefore, be in a reasonabK" clean con- 
dition, if the air escaping from the two systems under like conditions shsul be of like 
quality. That this is neither difficult nor expensive to do, was proved to me by the 
uupeetion of many riehtly-designed sewers in the cities I visited. 

The ventilation of large sewers through house-pipes, it has been said, is very im- 
perfect and uncertain. This is true when it is connected with ventilation through 
openings in the street. The friction in the long pipes, and the fact that matter is 
discharged through them in a downward direction, will greatlj hinder an upward 
draught, whereas an opening in the street immediately permits exchange, except 
when covered with snow. 

Objection has also been made against the combined ssrstem on account of the inlet- 
basins along the streets, which freonently emit odors as bad as badly-kept sewers 
themselves. Without entering fhrther into the question of inlet-basins at present, it 
may simply be stated that if rain-water at all requires underground removal, tnis 
objection holds e<^ually sood against the separate system. 

Finally, it is claimed that when purification of sewage is needed its separation from 
rain-water is necessary. This conclusion can only be conditionally admitted. If the 
storm- water, when it is but slightly mingled with sewage, is objectionable in a stream 
on account of the future use of the water, it will be best to keep them entirely sep- 
arated. There will be more cases, however, where the conditions do not make this 
total separation necessary. A slightly increased bulk of sewage delivered on farms 
or works forpurification during storms, is not always objected to if confined to the 
first wash oif^the streets, d&c, which is not much cleaner than ordinary sewage. On 
the other hand, it is also j^enerally permissible to let a dight amonnt of sewage flow 
into the river together with a large amount of storm- water. The size and character 
of the river and the use to which its water is to be put thereafter will determine the 
amount of sewage which can be admitted in this way, and therefore the advantage 
of separation, ijid here a usual tendency of criticism must not be overlooked. Whue 
no objection is made to a slight amount of impurities discharged into rivers from 
natural causes, jg^at objection is sometimes made to the same degree of pollution 
when it is permitted or caused by works which were constructed to prevent a much 

S eater degree of pollution. The storm- water which is discharged bv the sewers after 
e first siuface wash has been intercepted, will not differ ma&rially, if at all, with 
regard to the amount of organic impurities it contains, from the water which enters 
the river fhmi the separate rain-water sewers when they have been dry for some time, 
and from the surface of towns and fields after a drought. 

The case, however, which needs a close inquiiv in this respect, will not be the ef- 
fect of sudden and heavy storms, but of light and Ions rains. The sewase reaching 
the purification grounds from a comblnea system wiU be diluted for a longer time, 
and the overflow m>m intercepting sewers will be proportionately more polluted as 
the intensity of the rain is less. Cmly the locality can furnish the deciding elements 
on this point. 

The objections that have been made against the combined system on sanitary 
grounds are, therefore, only substantiated when it is imperfectly designed, built, 
maintained, or applied — difficulties to which the separate system is also exposed, and 
perhaps fh>m its greater complexity in some cases even in a greater decree. When 
purification is needed it will depend on the local conditions whether the combined 
system with interception of sewage is to be avoided, but not on any general defect of 
the system itself 

If from a sanitary point of view the method of leading rain-water into the same 
channels with sewage is not necessarily objectionable, it only remains to inquire 
whether the expense of so doing is greater or less than by separation. 

The great variety of conditions, topographical, physical, and social, including the 
cost ofproper materials and labor, make it impossible to do more than to indicate 
their relative expense in very general terms, together with the directions in which 
the economy of tne two systems is most distinctly seen. Nothing but a careful local 
estimate can in many cases decide which is less costly. 

The expense of a sewerage system does not merely mclude its first cost, but also its 
annual cost for maintenance. As the latter represents the interest on a certain capi- 
tal, it should be carefully considered in a comparison. 

When systems are compared financially it should be done with regard to the ob- 
jects they accomplish. The combined system can naturally only compete with the 
separate, in cases where both sewage and rain-water alike are to be provided for. 
Tne cost of Liemur^s system has oeen advantageously compared with that of the 
combined, while the former did not provide for any rain-water removal either on or 
below the surface. The question is, which system accomplishes the same purposes 
at the least expense. Just as account was taken of the removal of waste water in 
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comparing dry removal with water carriage, so mnst the removal of raiD-wutor be 
acconnted for here. 

When separate sewers are built for storm- water alone and are proportioned for the 
Bame amount as a combined system, they alone will cost nearly as much as the lat- 
ter. A saving of expense is obtained by less depth of excavation in many places, and 
consequently! also, more n-ade and a smaller diameter. The cost of the system for 
sewage alone will be additional and generally be much greater than the saving 
effected on the rain-water sewers, even if built m the same trench. Although noth- 
ing but a special examination will determine it, yet it can be said generally, that the 
cost of two sewers to accomplish the same object as one^ will be greater. 

To draw a ffeneral comparison regarding the cost of maintenance is more difficult. 
The combined system can more easily be inspected and cleaned, on account of its 
mater size, than the separate sewage-pipes, and if properly designed is less likely 
to get entirely obstructed by accuumlations. Sometimes, however, it may be con- 
sidered an advantage to let a slight amount of deposit obstruct the channel, and in 
thus giving warning cause it to be removed, while in a larger seWer it might remain 
unnotice<l for a much louder time. The fact that there is only one set of sewers, and 
therefore less length to be inspected for the same area, will also reduce the cost of 
maintaining the combined. Tne expense of flushing the two systems will not vary 
greatly, provided both are designed and constructed equally well and cleaned in the 
same manner. The combined system has an additional advantage of the scouring 
eft'ect of heavy rains, which, in many of our own cities, furnishes the only means by 
which a cleaning is effected. 

From these point« it can be concluded that the economy of a combined system over 
a separate one depends mainly on the foUowing conditions: Where rain-water must 
be carried off unaer ground nt>m extensive districts, and when new sewers must be 
built for this purpose, it will generally be cheaper. Its cost will also be favorable in 
deusely-iuhabitea districts from the circumstance that the proportion of sewage to 
rain-water will be greater, and therefore increase the sizes of the separate sewage- 
pipes, yet without decreasing those of the rain-water sewers; while the sizes of 
the combined would not varv with the population, because the quantity of sewage 
is less than the quantity witnin which the amount of storm-water can be estimated. 

But more important is the fact that in closely-built-up sections the surface wnshiugs 
from slight rains would carry an amount of decomposable matter into the rain-water 
sewers, which, when it lodges as the flow ceases^ will cause a much greater storage of 
filth than in well-designed combined sewers which have a continuous fllow, and gen- 
erally, also, appliances for flushing. In cities which give every indication of rapid 
growth these points become of importance when deciding upon a system. 

Separate system. — ^The separation of sewage from rain-water by leading them into 
different channels originated, as already mentioned, from causes which were mainly 
financial. Where existing sewers could be made use of for rain-water conveyance 
alone, very much smaller pipes only were necessary for sewage ; and where proper 
and complete purification of sewage was very expensive, it was advantageous to pre- 
vent it from being occasionally increased even by a small quantity of rain washings 
from the surface. 

The old sewers being incorporated into the new system with slight alterations and 
extensions, naturally reduced the cost of the entire works very materially. K "^^ 
then thought, as the sewage was found to be effectually removed in the small pipes, 
and, on the other hand, many if not most of the largo sewers showed accumulations 
of houjie filth, that the separate system had inherent merits on sanitary grounds. 

Among those who are advocating the principle, there is some disagreement as to 
the desi^ by which it will bo best accomplished. Several svstems are proposed, the 
distinguishing features of which are briefly described as follows : 

The ordinary separate system as used in England consists of a pipe-line extending 
into each house, there to receive the house drainage, generally witii an admixture of 
some rain-water from the yards and back building. The rest of the rain-water, 
where it cannot flow off in surface channels, is earned off through separate sowers. 
These may bo quite shallow, as their only object is to remove the water from the sur- 
fiftce. 

The details of the former are substantially like those of the combined system. The 
only differences are in their shape, which is circular, on account of the regularity of 
flow, and their size, which is very much smaller. There are also no street inlets con- 
nected with it. The details of the rain-water system are also substantially like those 
of the combined, excepting their depth, and in most cases the absence of connections, 
except from street Inlets. In shape and size there is no material variation. Man- 
holes for inspecting are required lor both lines of the system^ and flushing arrange- 
ments, absolutely necessary in the sewage-pipes, may be omitted in the rain-water 
channels, if they are well constructed. 

The object of leading some rain-water into the smaller pipes intended for sewage 
alone is mainly to get the advantage of an occasional heavy flush. The self-acting 
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flnab-tank, recently InTented by lir. R. Field, has been proposed as a sabstitnte for 
thia inegiilar cleansing, as well as for the flushing by hnman aid. It has been quite 
saocessfullj applied in England, notably at Avlesbury. The necessity for inlroduc- 
ing any rain-water into the sewage-pipes is, therefore, dispensed with in using this 
regular means of floshing. Experience is too limited, however, to determine the 
ran^ in which it will be nsefol and advantageous over other modes of flushing. And 
It wiU depend on this experience whether it is wise to exclude all rain-water from 
tbe sewage-pipes or not. 

Shane §ji9t9m, — A substantial variation from the ordinary separate system has recently 
been proposed by Mr. I. Shone, of Wrexham, for localities where sewage for one reason 
oranother requires a frequent lifting.* Self-acting sewage ejectors are distributed 
over the distnct and operated by compressed air supplied &om a central station. The 
sewage rons into an iron container, holding from one to two cubic yards, and is then 
antomatically ejected and lifted to any desired height. The advantage of this class 
of pumps consia^ in lifting small quantities at any number of convenient points, so 
that it can continue its course each time in shallower sewers and with better gradi- 
ents. The economy and convenience of compressed air for transmitting [lower to 
long distances, in comparison with steam, makes the principle a practical one. 

As the system has not yet been in operation, except for trial purposes on a small 
Male, it is not possible to determine its future value with certainty at present. 

lAemmr $}f$tem. — ^Another variation of the separate system, and one which ]ias al^ 
ready had extensive trials, is proposed by Captain Liemur, of Holland. In i ts original 
form, it should hardly be classed under water-carriage systems, and even now the mat- 
ter which it is intended to remove is rather suspended in water tiian carried by it. 
Tet the character of the sewage and the entire works themselves are so similar to what 
is ffiven under this head, that an absolute distinction is not warranted. 

fts origin can be traced to the cess-pool system. In several cities, notably iu Paris, 
the closet refuse was, and still is to some extent, passed into a water-tight pit, IVom 
which it was removed at intervals in the following vvav : A large cylinder, from which 
the air has been exhansted, is placed on a cart and taken to the premises. A tube is 
connected with the pit, a valve opened, and the contents of the latter are forced 
throuffh the tube into the cylinder by atmospheric pressure. Isolated houses not con- 
nected with Liemur's system of pipes are still treated by him in this way in Amster- 
dam. The uncertainty of the vacuum after reaching the\l well ing or the loss of ])u wer 
when the contents of the pit do not fill the cylinder have made it preferable, either 
to exhaust the air by means of a pump on the premises as is extensively done in France, 
Germany, and our own country, or to lay the tube permanently under gronud, from 
each dwelling to a common tube, and thence to an exhausted cylinder in a central posi- 
tion. 

The latter is substantially the Liemur system. It was pro]K>sed to dry the matter 
bv waste heat from the engine and obtain a valuable manure. The use of the water- 
closet and the unpreven table addition of some waste water have virtually mode the 
sewage so dilute (50 parts water to 1 part solids) that the expense of evaporation has 
csaus<ra this idea to be abandoned. 

The present system, as used in four or five towns in Holland, may be briefly de- 
acribed as follows: The excreta drop into an ordinary hopper-closet, which is venti- 
lated fh>m its upper edge by a pipe leading to the roof. Water is permitted for flushr 
ing^ although there are restrictions as to its quantity. Under the closet is a trap from 
which the matter drops into a vertical soil-pipe, and then passes horizontally to the 
^< barometrical " trap and on to the street mains. These unite in an underground iron 
reservoir, sufficiently large to hold the excrements ^m the number of buihliDgs in 
connection with it, and provided with necessary stops and valves. From hero a de- 
livery-pipe leads directly to the central station where the air-pump is sitnat'ed, and 
where the sewage is run into bargees and taken away to the ^lace of final disposal. 

Tne ** barometrical " trap is an important feature in equalizing the air pressure at 
the many houses and in regulating the exhausting of the sewage, the quantity of 
which is different in every branch. It is simply a running trap with its depth a con- 
stant Quantity in every case, which enables the vacuum, created in the main, to 
draw tne sewage from all branches until in every one there is only enough sewage 
left to seal the trap. The difference of water-level on its two sides then measures 
the pressure against the vacuum, and, if the latter be further increased, all traps 
would be simultaneously drawn. It is thus possible to prevent a destruction of the 
Tseuum by one pipe becoming emptied before the rest. The operation of the system 
is not complicated. 

The air m the various reservoirs and in the deliverv-pipes connecting them with 
the central station is exhausted by an engine, stationea at the latter, to a vacuum of 
about two-thirds of an atmosphere. Then a valve connecting the reservoir with a 
main is opened and the contents of the latter are forced into it with very great ve- 

* L Shone; Soientlflo and Ssnitsiy Drsinage. London, 188L 
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looity. In this way, after the air from the reaervoir has again been exhausted throneb^d 
the aelivery-pipe, a second main is emptied, and so on until the reeerroir holds tnc 
sewage from the district which it serves. Tne delivery-pipe is again exhausted, an( 
now the entire contents of the reservoir, on opening the valve, rush to the centra 
station. The whole operation consumes thirty minutes, and re<^uires but one a1 
tendant. 

The length of a main is about 800 feet, which relieves, in Amsterdam, 80 branches 
for about 160 soil-pipes. The pipe lines are all iron, 5 inches in diameter, whether 
branch, main, or aeuvery ; and experience has shown that they remain air-tight, and 
that no permanent coating decreases their capacity. The system has been iu use 
since 1871. 

As far as described no provision has been made for the removal of any substanoei 
but the excreta and toilet- water. All other waste fluids from houses, factories, and 
streets, together with rain-water, are to be led into another system of underground 
pipes, like ordinarv sewers. Altnough this has not yet been executed, nor is it con- 
templated, it will be easy to see that the design ana extent of these sewers cannot 
differ materially from the combined system itself. At present the rain and waste 
water run partly over the surface and partly through old sewers into the numerous 
canals and water-courses peculiar to the towns in Holland. 

I will now enumerate the sanitary aspects of these separate systems and examine into 
their relative cost, and in doing so it is best to first consider the general question of 
separating the sewage from rain-water, and then the special designs. 

Ilie mam advanti^ claimed for the separate svstem is for the case when puiificar 
tion of the sewage becomes necessary before entering the streams, because the sewage 
is kept more uniform in quantity and quality. It is maintained both that storm- 
water should not be polluted by city filth, and that sewage should be kept free frx>m 
rain. 

Regarding the two latter points, opinions differ among the advocates of the sepa- 
rate system itself as to their relative importance. Mouson insists on the former, in 
order to preserve the purity of the rivers, and considers the latter of minor import- 
ance, if kept within reasonable bounds. Waring insists upon the latter, but consid- 
ers the former less important. These questions have already lieen partiidly conaidered 
under the combined system, and they may now be briefly answered to the effect that 
when the streams cannot bear the introduction of any polluted storm-water running 
off from the surface of the town, then a preservation or its purity will need most at- 
tention, and the dilution of the sewage is secondary in importance. When purifica- 
tion of the sewage is difficult, and oiten when pumping is required, then only is a 
xestriction to its dilution by rain-water of more importance. 

From these cases it will be seen that the advantages claimed for the separating 
system, as such, are based on the conditions of the locality requiring drainage. 

Objections to the separation of rain-water and sewage, some of which have already 
been mentioned while considering the combined system, are as follows: 

Small pipes increase the possibility of stoppage and disorder ; slight and almost 
unavoidable imperfections at their Joints, either original or from settlements, being 
mainly the cause. Wherever small pipes nave been used these obstructions have oo* 
curred, and when they occur are more difficult to remove. In general, small sewert 
are more troublesome to inspect and to clean. 

Although ground for these objections exists, they are mainly based on cases when 
the sewers have either been improperly built, with regard to design or workmanship, 
or carelessly maintained by neglecting Inspection or flushing. The enormous ex- 
tent to which pipe-sewers have already been successfully used, particularly in Eng- 
land, shows that the above objections cannot be made to small pipes as a princlplSi 
but only to imperfect management. 

Regarding the double system, it has been objected that if not absolutely tight ths 
pipes will act on each other under the street and so defeat the object of separation. 
Connecting houses with the wron^ sewer has done the same. But such objeotions 
are based on imperfect work and imperfect supervision, both of which may nave as 
troublesome consequences in the combined system. 

The channels receiviufi^ the rain-water alone are said to be about as fonl as ordi- 
nary sewers, and if this is the case separate sewers are hardly Justifiable. This ob- 
jection is only valid when the sewers have comparatively flat bottoms, when the 
streets are not well cleaned and much filth is washed underground and left to de- 
compose. Good construction and maintenance will avoid the objection. Bat with- 
out this care my inspection has convinced me that separate rain-water channels, rs- 
ceivinff the surface drainage of streets and the filthy accumulations of catch-baslnSi 
differ fittle from combined sewers. And if they are to answer sanitary requirements 
equally well, they can also not differ much in design. 

The extent of the surface from which rain-water is to run, either into the sewage 
pipes, the separate channels, or to remain on the surface, is differently adrooated. * 
Some sewage-pipes receive no rain-water at aU, some only that from the back zoollb 
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^^^^me, in addition to this, leoeiYBthe water from the back yardsy x^<)^^ly ^ places 

^iMUdng ap nearly the entire blook, or about one-half of the built-up area, allowing 

tilke othor nal^ mainly fh>m the streets, and which is as polluted as the water from 

^ooft and back yards, to run into the rain-water channels. The disadvantage of this 

Mature, unless the latter are carefully looked after, is apparent. 

To prevent the street-wash from fouling the separate sewers, and to use it for 
flnahing the streets during storms, and also to reduce the si2e of the sewers, it has 
been proposed to keep it on the surface as much as possible, if not altogether, and 
to let only the rain-water from the blocks enter them, which, as the latter furnishes 
much lees cause for fouliuf them, is undoubtedly an advantage. But, in comparing 
the cost, it must be consi&red that the expense saved in keeping the street-wash on 
the sni&oe must be proportionately applied to the combined system, where this can 
mlao be done, although from a sanitaiy point of view it signifies nothing to turn the 
■treet-waah into a sewer where already much greater impurities are being conveyed. 

It appears, therefore, that neither are the objections to separation serious nor the 
advantages great, except in certain cases where purification is difficult and the pol- 
lution of rivers feared. 

Regarding now the comparative cost, the separate system is said by its advocates, 
especially those claiming patents, to be much cheaper. When rain-water can as con- 
Teiiiently and safely be led off on the surface, there is no need for the combined sya- 
tttn ; and its cost, mainly due to storm- water removal, should not be compared with 
that of only a part of the separate system. The general question of comparative cost, 
with this view, has already been considered. It is therefore only necessary to restate 
the main points briefly, and to add such as were not mentioned before. 

When sewage requires pumping it odds a certain permanent expense^ which varies 
partly with the amount of sewage to be lifted. It is therefore economical to reduce 
this quantity as much as possible, especially when the lift is a high one ; and in this 
case the separate system, which excludes the storm- water, may become preferable on 
thisacoonnt. 

When stonn-water can be led into old existing channels which are unsuitable for 
the conveyance of sewage, but which can be repaired and sufficiently extended at no 
great cost, it is evident that the expense of constructing new sewers for sewage alone 
will be much lees than if a new combined system were built. 

When it is necessary to build a system of sewers for house drainage, with the least 
possible delay and cost, the separate system will likewise be more economical, if the 
rain-water removal is not a pressing question and can be postx>oned to a future day. 

When rain-water can be led off m a few valley-line sewers, it will sometimes be 
more eeonomical to keep it separate, by leading it into shallow channels, thus saving 
excavation and often getting a better grade to the outfall ; or, the rain-water alone, 
after leaving the central parts of the town, may then continue its course even in open 
ohannels. fii small towns the latter is often possible. 

When all the rain-water can flow off on the surface of the town without inconven- 
ienoinff traffic or flooding cellars, it is not necessary, of course, to lead it off under- 
gronna in expensive channels. A combined system tnen reduces itself naturally to a 
separate one, which becomes the most economical. 

A duplicate system for a large, closely-built-up area, where the rain-water sewers 
require to be equal in extent and size to the combined system itself, has never yet 
been carried out, although occasionally advocated on sanitary grounds. That the 
cost of such a system would be greater under otherwise equ&l conditions seems be- 
yond a doubt. 

A second set of private drains for each house is expensive and could not well be en- 
forced in poorer quarters. From small premises the rain-water could always nin over 
the surface until it gets on the street. In fact, it would hardly ever cause trouble, if 
the rain-water falUng on each block, which virtually is a summit, and where a large 
cmantity of water cannot accumulate, would run on the surface to the street, and 
irom there be led under^pt>und. 

A few general comparisons with reference to the cost of maintenance have already 
iMcn given, and it was concluded that inspection and cleaning were more readily 
aoeomplished in the combined system, but that it may be considered an advantage of 
small pipes that they give an earlv warning of accumulations which can remain un- 
noticea in a large sewer for a much longer time. It was also said, as there was less 
lenffth to be inspected for the same area in the combined sewer, tnat the cost would 
be less; but it must be added that this will only be the case when the same amount 
of rain-water is removed subterraneously in both cases. To properly maintain a 
pipe-sewer alone will generallv not cost more than nor even as much per linear foot 
as a large sewer discharging the same amount of sewage. 

The principle of separation, therefore, although often ostensibly preferred on sani- 
tary grounds, does not necessarily give the system in this respect anv decided advan- 
tage over the combined, except under certain definite conditions. Under all others. 
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preference will depend on the cost both of construction and maintenance, which onlfs 
a carelul estimate, based on the local requirements, can determine. 

After having reached this general conclusion, it will now be necessary to examiM 
into the special designs and to state their several advantages and disadvantages, botk 
with reference to the combined system and to each other, as far as pertinent to tht 
question. 

The ordinary separate system is the most extensively used and advocated amofltf 
those under this head; and its special sanitary advantages (some of which have at 
ready been alluded to under the objections to the combined system) are claimed to 
be as follows : 

The pipes conveying the sewage alone can, from their smaller size and better p^rade% 
be more thoroughly flushed, ami therefore contain less deposits and no extensive si imj 
coating. In short, they can be kept cleaner. The flow is more regular and the vo« 
locity more uniform, which makes it less likely to de]M)sit heavy silt, as in the great 
change of velocity during and after a storm. Small sewers are more readily tilled by 
a flushing stream, and this can usually receive a greater head for the same amouuli 
of water, both of which very much increase it s cleau^dug etl'ect. These jwints^ among 
others, are brought out prominently by the advocates of the separate systf^m m argu* 
meats to show its great superiority over the combined. A closer examination, how<« 
ever, will show that the results obtainable ait^ in some points only slightly better aud 
in others not necessarily so. A bias is here undoubtedly observable. The fact that 
there are direct personal interests concerned in several of the systems brings tlieni onl 
more prominently, and it is also o1)servable that those who advocate them exclusively 
are generally not concerned in directing, managing, nor are alwayn thoroughly familiar 
with the engineering questions in a lar^e and populous city. The advocates of the 
seimrate system usually ignore the practical possibility of making large sewers as iier* 
feet sewage-carriers as small ones, basing their opinions on perfect works in this caM 
and imperfect ones in the other. 

An actual and extensive inspection cannot but reveal the fact that the above points 
give only slight advantages, if at all noticeable, over properly designed aud con* 
structed combined systems, and also that the latter can readily be kept as well cleaned 
as is necessary. 

This can be particularly noticed in Frankfort, Hamburg, and the newer sowers of 
London, Liverpool, and other English cities, in which the air l>eforeand during flush- 
ing was not found to be very o^ensive — no more so than in Heading, Oxford, and 
other towns using the separate pipes. 

The reuioval of any heavy silt, deposited by storms, can in almost all cases be ef- < 
fected by regular flushing. If the sectional shape of a combined sewer is Kuch that 
the ordinary sewage can now in a semi-circular channel equal to that given U> it in a 
separate sewer, the advantage of the latter will greatly diminish. By an egg-shaped 
form, in'which the invert radius is not larger than that of the pipe sewer, this con* 
dition is approximately reached, and the egg-shaped sections should be so desigued. 

The advantages claimed for better flushing are partially for the same reason not 
much greater. The scouring efiect in the same semi-circular channel cannot be very 
different. Flushing under a greater head in one case is nearly equaled by the facility 
of penning up a greater- quantity of sewage with which to flush in the other. 

The reduction of the area covered with a slimy coating, as compared with larger 
sewers, is an advantage of small ones which can be met in the former by smooth sur- 
faces and extensive flushing. 

The absence of ^reat changes in velocity caused by storms, and hence of heavy silt 
deposits, is also given as an advantage of the separate system, which, however, can 
also Ih) met by more powerful flushing in the combined. 

It is further claimed that the ventilation in small sewers can be more thorough than 
in large ones. While considering objections to the combined system, this question 
was examined, and it was found that the impurities reaching the atmosphere from 
one system will be practically the same as from the other if both are well maintained, 
yet with the odds against the combined. It may here be added that the friction of 
air will be greater in smaller pijies, by which the circulation is relatively iiiqinired.. 
The downwanl motion of the water will tend to draw the air downwanl, whereas 
warmer air in the higher portions or in the house pipes will tend to draw it upward. 

The assertion that lionse pipes will better ventilate a small than a large sewer is 
only true when no other means are provided. Openings in the street wfil oiler less 
resistance to an exchange of air than long house pipes, and therefore will eflcct it 
first. 

As the circulation of air in a large sewer depends on its relative temperature and 
pressure, it is evident that it« bulk is not as readily replaced as in small sewers, 
where the flow of sewage in the warm seasons also facilitates this exchange. There- 
fore as the total quantity of air in a large sewer contains as many impurities as the air 
in a small sewer under normal conditions, they can be more readily removed in the 
latter, although not diminished in quantity. 
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A dum that the separate system will redace the death-rate more thau the combined 
not yet been sabstantiated. If it is difficult to trace the direct iutiuence of how- 
awe works in general on reducing the death-rate, on accouutof the niiineroiis otlior 
lifienceH, it is still more difficult to trace a dllleri;nce in the iutlueuce of cither Hys- 
pmL Philadelphia, which has a very inferior synt^m of Howerui^e, han a doath-rate 
if about twenty. In New York, where it is nincn better, the deutii-ratc iH twenty-six, 
~ld in Memphis, where the sewerage is still better, the death-rate is about fi)rty. 

The unfavorable criticisms against the ordinary separate system can be summed up 
(pi follows : 

UidesB there is a water supply abundant in quantity, constantly available, and 
jtader pressure in every dwelling, the separate syHtem will be much more liable to 

St trouble by stoppages than the combined. Although this is tnio, yet it is not »e- 
u as far as short ntoppages of the rcj^ular water-supply are c<mcem('d, as the trou- 
arising therefrom would be mainly in the house pi]><.-s, which would not materi- 
•^Oy differ in both systems. Where the water-supply is scant and uncertain both 
lyitcms are alike objectionable. 

It is a matter of fact that, although great care has been taken to prevent large mat- 
iBBfrom entering pipes and forming a nucleus for a serious obstruction, an abund- 
of instances have occurred where suchniatters have been taken out. A theo- 




- jrticsl supposition that they cannot enter must give way to the ])ractical fact that 
Ihey do enter, if within the bounds of possibility . This objection can be made unim- 
jQitantby the adoption of the Kawlinson principle of having straight sewers, both 
'M to line and grade, between every two ad^ioiniug points of access. By this means 
ib^nictions can be more easily located, their nature ascertained, and a removal 
iffbeted. 

To build straight lines is not necessarily costly, and luan-hoies and lamp-holes can 
Hirell be put ut bends as between them. The asHcrtion that changes of direction^ 
iqwciall]^ in small pipes, must be by gradual curves and not by angles is misleading 
flid partially incorrect. The resistance of curves can be fully ctmipensated by an ad- 
litional fsdl. If at a man-hole the necessary extra slo]>e can be obtained, curves of a 
kw feet radius in order to avoid eddies are sufUcient. The entire curve is thus in the 
■an-hole. which will enable the rest of the line to be perfectly straight and capable 
ti being looked through. 

That man-holes generally fail of this use, and that a thorough inspection of very 

II pipes in this way is not i)ossible, which has been said by opponents of the sep- 

system, can be answered by making a very perfect alignment and the man-holes 

enough to permit of a crouching imsiticm of the att«'ndant. I have heard it 

' sufficiently often by workmen as well as engineerH in England and in Germany, 

■t there was no practical trouble in ascertaining the nature of an obstruction m 
^1 way. and also in removing it, both of which could not be done as rapidly nor as 
veil witliout the man-holes and straight lines. 

It is a question, however, whether the exxjeuKO of man-holes for this purpose is 
always Justified, when they do not also serve as ventilators. The occurrence of ob- 
Knictious which cannot be removed by ordinary flushing is comparatively rare in 
well-managed systems, and it may be more economical to break into the street on 
nch occasions. The latter may not be objectionable in small towns; but in well- 
psved streets and closely-populated districts with considerable traflic the annoyance 
and the exi>ense of tearing up and rejtairing the stit^et may 1k^ equivalent to the cost 
of a man-hole or lamp-hole each time, not to speak of tlie diOiculty in properly re- 
pairing pipe-sewers. Even though the maintenance in large cities is usually more 
perfect than in small ones, the value of man-holes does not seem to be less. 

A duplicate system of sewers further brings with it the objection already men- 
tioned, that wrong connections can eaKily be made. This trouble has often occurred 
■in England, and would be still greater here. The disadvantages linally of separate 
zain-wat«r channels have also be<.'n alluded to. 

The special features which alVect the cofit of ihv onlinary separate system in distinc- 
tion to the rest, are, after what has been said on its genenil features, rc*duced to the 
^eetiou of how much rain-water, if any, shall be admitted into the sewage-pipes. 

Entire S4^]»aration has l>een designed, for inst.'ince, in Oxford, for detached hous«'fl, 
diarches, for the numerous colleges, and other public buildings. Although it was 
desirable to extend it to the remaining ))art of the town, yet there was a ]U'actical 
obstacle in the fact that most of the continuous rows of lioubi*s were aln*iidy ju-uvided 
with single draiuage, which admitted both sewage and rain. For the nrst of the 
town the rain falling on the back roofs and yards, amounting to about one-twentieth 
of the entire area, was a<lmitte<l. 

It is readily seen that a slight variation in the quantity of rain will have a f^reater 
effect on increasing the cost of the small pii)es than of the large ouch. Entire Hcp- 
aration would, therefore, be iireferable to a i>artial mixture in small x>ipes, unlcssthe 
lushing effect of this small quantity of rain-water is desirable. 

To lead the rain-water of the entire block into the sewage-pipes would bo an ap- 
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proaoh to the combined system, aa ite area averages in ronnd numbers about two- 
thirds of the whole, the streets oconpyinff the remaining third. 

The expense of flashing and cleaning the sewaffe-pipes will be abontthe same asia 
the combined system, if the latter is well atten&d to. In the former the flnshing 
will have to be yery regular, as no reliance can be had on the cleansing effect of storm- 
water. The closer attention, the more difficult removal of deposits, and the absenoe 
of rain-water cleansing in the one, is balanced by the removal of neavier deposits, 
and a more powerful flushing necessary in the other. 

The advantages of the Shone ayatem, which are peculiar to it and distinguish it from 
the other separate systems, rest in the circumstance that the grade, and therefore the 
velocity of the sewage, can be conveniently increased to any desirable extent inde- 
pendently of the general grade of the surface. Where the velocity of the sewaes 
would naturally be verv slow, and the deposits therefore large, it may be weU suited, 
because in increasing toe grade it prevents the eflects of decomposition resulting both 
from greater deposits and from the greater age of the sewage itself. 

Objections to the system on account of the intermittent flow in the pipes, which 
allows particles to '' strand" after the flush has ceased, might be serious ir the inter- 
vals were very long. From the small size of the ejectors tms will hardly ever be the 
case^ and*in comparison with the results of flushing in other systems the objection is 
not iinporiaut. 

As the cost is greatly affected by the depth of the sewers, especially in different ex- 
cavations, it can be considerably lightened by this method. Yet the gpreater expense 
due to the ejectors, to the tubes distiibnting the compressed air, and to the principle 
of pumping with air transmitted to a distsmce, as against the direct and immediate 
application of power, may quite balance it. which, however, only a local inquiry can 
determine. The cost of mainteuauco is still more difficult to predetermine without a 
Hill knowledco of the locality. The greater complexity and nature of the works fbr 
pumping will i)robabl3' increase it. But even considering this increase, other advan- 
tages gained may still compensate for it. 

Concerniug the Liemur system it is possible to state more definite conclusions, as a 
greater oxi)erience and knowledge has been gained regarding it. 

The advantages claimed for this system over all others are based more on sanitary 
grounds than on the cost. The impossibility of any gases or germs escaping into the 
street, which cannot be avoided in other sewers from changes of water level and 
temperature, gives it a great advantage, unless the latter are so well designed and 
maintained as to make such an escape practically insignificant and, in comparison 
with other sources of impure air, also unimportant. 

Another advantage given is the fact that the sewa^i^e cannot possibly penetrate the i 
soil. The same can, however, be obtained by a careful construction of ordinary sew- 
ers, as these can be readily mode water-tight under competent supervision. 

The system has been extensively tried only in Holland, in flat and low sections 
which are intersected by water channels. It is peculiarly applicable under those con- 
ditions because it works independently of grade. At present the system is being ex- 
tended in Amsterdam in the way of centralizing several scattered districts. Its actual 
introduction has altogether been confined to very small areas. 

The objectionable leatures which can be placed against the claimed advantages are 
as follows : As the use of water in the closets is limited, and by a heavy tax made im- 
possible for the poorer classes, the system does not permit of the same cleanlineas as 
regular water-closets, although I found that with care they were not offensive. 

Kitchen, house, and factory waste water, together with the street- wash from rain- 
storms, is to be led off by other sewers, which, therefore, alone could differ very little 
in design and cost from the ordinary combined system, instead of being like simple 
rain-water channels in the ordinary separate system. Liemur holds that owners of 
factories should be compelled to purify their own waste water if it becomes obnoxious* 
in the sewers, but this demand is evidently not practicable, and sewers are precisely 
intended to avoid any such necessity. The inlet and catch basins he proposes, as weU 
as his rain- water injectors, would be equally applicable to the ordinary system. They 
are, however, more theoretical speculations than practicable, and have nowhere been 
adopted. This entire branch of the Liernur system has never yet been carried out. 

The cost of construction and maintenance as usually given, therefore, refers only 
to the removal of a small portion of the matter usually carried away by sewers, and 
it must be so compared. The 5-inch iron pipes, one ou each side of every street, and 
the delivery-pipes, as well as the reservoirs and the central station, are expensive to 
construct, and cannot be as durable either as vitrified pii)e8 or masonry. 

The maintenance of the system will also cost more than that of any other, if only 
for the reason that the motion of the liquid, which is as fluid as any common sewage, 
is produced by artificial power instead of by ^avity, even where this is possible on a 
down grade. On the other hand, it can be said that the contents of the Liernur pipes 
are more valuable for fertilization than ordinary sewage, because there is less dilu- 
tion and admixture with valueless ingrediente. As this advantage was intended to 
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make up for the loss by an inoroased expenditure, it has been carefully upheld, but 
t- the dilation of the sewage has now become so great that the original idea of diying 
I h into poudrette, and thus realizing a considerable return, is entirely out of the ques- 
^ tion. The sale of the sewage does not always pay for its transportation from the 
( pomps. 

t On the whole it is evident that the advantages of Liemur's system over others will 
* be confined to very peculiar local conditions. Where in addition to the system of 
^ iron pipes there must also be one practically equivalent to the combined systcon itself, 
z all advantages are obscured by the greatly increased cost. 

I Conclunans. — ^From the foregoing remarks, and mainly from the advantages and 
f disadvantages claimed by the advocates and opponents of the various systems as they 
f were stated to me, and to which I have given such relative importance and criticism 
; as my own inspection and examination of the works has warranted, several conclu- 
sions can now be drawn. 

The sanitary demands upon a system of sewerage, it is agreed, consist in the pre- 
Tention of decomposition to the greatest possible extent, and, where the latter is un- 
avoidable, to decrease its iigurious effects to a minimum. This object can be best 
obtained by a rapid^ steady, and complete removal of all decomposable matter enter- 
ing the works in a fluid or suspended state, such as either causes or is co-existent with 
the development of germs ; and also by the removal of bulky solids which occasionally 
enter them and obstruct the flow, and a provision for the safe escape of vitiated air. 
It can be concluded, from what has been said, that these demands are fulfilled 
within satisfactory limits by each one of the mentioned systems, provided they are 
designed and built in as perfect a manner as possible, according to the principles 
known to facilitate such removal and to prevent any evil effects which may arise 
from unpreventable imperfections. A superiority of one system over another in this 
respect will then not depend on its specific principle as much as on the conditions of 
the locality where it is applied and on the care given to its maintenance. A misap- 
plication on one hand and neglect on the other will have a much greater influence 
on the sanitary condition of each sinsle system than the difference between any two 
iystems can have under equally good conditions. 

Hie factor, therefore, which will mainly govern a preference is less the sanitary 
ralue, as frequently asserted, thun the cost of construction and maintenance. But 
as also the cost depends on tne locality, on its physical features, on social require- 
ments, and on the value of ground and materials, it is evident that the criterion for 
Judging the relative advantages of the different systems, both from a sanitary and 
financial point of view, is the locality itself. And as the conditions presented by the 
Tarioos cities and places are exceedingly different, not one particular system will be 
ifae best for all localities, but different external conditions will demand as radically 
diiferent solutions, both in general and detail. 

This is, in my opinion, the direction in which an ultimate agreement to the various 
eonta^oversies, as mentioned at the outset, may be found. Ana as most of the objeo- 
tkmable features, which have caused adverse criticism, were due to fanlly constmotion 
cr neglect of maintenance rather than to an essential error in the system, attention 
to these two subjects is at present of most importance, and will also contribute to- 
ward a greater unanimity of opinion. 

It now remains to recapitulate the principal local conditions under which each of 
llie water carriage systems seemed to be best applicable, as far as it is possible to 
Jndge from a general point of view. In some cases it may require the closest local 
examination, however^ to determine a preference. 
The combined system is suitable — 

Where rain-water must be carried off underground from extensive districts, espe- 
cially when they are closely built up, as in large cities, and where new sewers must be 
built for this purpose. 

Where puritication is not required or is not difficult and storm-water overflows are 
not objectionable in polluting the streams. 

Where a sufficient amount of water or sewage is available for flushing the larger 
■ewers. 

The best examples were found in Frankfort, London, Hamburg, Brighton, Liver- 
pool, Berlin, and other towns. 
The separate system is suitable — 

Where rain-water does not require extensive underground removal, and can be con- 
centrated in a few channels slightly below the surface, or where it can safely be mado 
to flow off entirely on the surface. Such conditions are found in rural districts where 
the population in scattered, on small or at least short drainage areas, and on steep 
slopes or side hills. 

Where an existing system of old sewers, which cannot be made available for the 
proper conveyance of sewage, can yet be used for storm- water removal. 

Where puntication is expensive, and where the river or creek is so small that even 
diluted sewage from storm- water overflows would become objectionable, especially 
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hen the water is to be need for domeetio purposes at no great distance below the 
town. 

Where pumping of the sewage is found too expensive to admit of the increased 
auantity m>m intercepting sewers during rains, which can occur in very low atid flat 
districts. 

Where it id necessary to build a system of sewers for house drainage with the least 
cost and delay, and the underground rain-water removal, if at all necessary, can be 
postponed. 

Under such conditions the ordinary separate system can g^enerally be applicable, 
yet certain special features of the locality may determine in favor of Shone's system; 
sor instance : 

Where pumping of the sewage to moderate elevations is advantageous or required 
at several or numerous points not greatly distant from each other, in order to increase 
thegrade and velocity between them. 

where deep excavation is very expensive, either firom being under the level of sub- 
soil water or in rock, and where shallower sewers with better grades and intermedi- 
ate lifts, could be substituted, as in undulating grounds with rock near the surface 
when the sewage is to be carried across the ridges, or in low-lying and very flat dis- 
tricts with excavations under water. 

Finally, in mentioning the applicability of Liemar's system, it must be added that 
it is extremely doubtful whether it can compete with the other systems in any local- 
ity. The most favorable conditions are : 

Where the district is flat and low-lying, where a sufficient gradient cannot be had 
for a gravity flow, and where ordinary sewers are for some reason or other not expe- 
dient. 

Good examples of the ordinary separate system are found at Oxford, Reading, Tot- 
tenham, and other small Engli^ towns. The best work on the Liemur plan are at 
Amsterdam. The Shone system has not yet been applied, except at Wrexham for 
trial purposes. 

In conclusion it may be said that as quite different conditions ma^ occur in the 
same town, it is possible and practicable to adopt several systems for it. It may be 
fbund expeoient to exclude rain-water firom certain areas, whereas the combined system 
would be advisable in others. 

in. DESIGNS AND CONSTRUCTION OF SEWEHAGE WORKS. 

One of the principal causes of the imperfections in sewerage works which have 
given rise to so much controversy can be traced, as we have seen, to improper designs 
or construction. It will, therefore, now be in place to indicate some of the general 
principles governing them which an inspection has shown to be essential. 

A reason for such improper designs may be found, perhaps, in the circumstance 
that engineers did not lully consider the sanitary elements in the case. Sewerage 
works were frequently built like any other work, simply with reference to stabilityj 
and to satisfy the main laws of hydraulics. 

The unfortunate fact that sewers are hidden from general observation, so that their 
action and state cannot readily be noticed without an effort, and often not an agree- 
able one, has also contributed to delay the general recognition of any other demands 
upon a system than purely engineering ones. 

A special branch of engineering, devoted to sanitary works, has therefore lately 
developed^ and we &id that the best works in Europe faiave been built by specialists, 
such as Lindley, Mansergh, Latham, and others, 

None but the combined and ordina^ separate water-carriage systems will in the 
fbllowing be considered, as they are or the most importance. 

1. AUgnmeni. 

The proper alignment of sewerage works, besides being governed by the topog- 
raphy, may also be governed by the manner in which the sewage is to be disposed of. 

Three cases can be distinguished ; a, the sewage is to be discharged into a large 
river near its mouth, into an estuary, or into the ocean ; b^ the sewage is to undergo 
eventful purification or disposal beloW the town, within a time which would influence 
present construction ; and, c, the sewage is to be immediately disposed of at a certain 
point outside of the town. It is evident that these conditions may greatly modify 
the design. 

If the city lies on the banks of a large body of rapidly changing water, as do Liv- 
erpool and Hamburg, the sewage may, if not proportionally too ^reat, be led into it 
at any point without serious sanitary objections. Should deposits of filth occur, it 
will generally be cheaper to dredge them occasionally than to build an intercepting 
■ewer along the banks. The alignment of the sewers can in this case be adjusted 
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idependently of any other consideratioxis than thoee of the natoral drainage-area to 
hich they belong (Fig. 1, Plate YIU). 

When, however, there is a prospect of serious pollation at a fntore time, seyeral 

~ er considerations become necessary. As an interception of the sewa^ will then be 

6 cheapest solution of the problem, the design should be made with this end in view, 
giving the various points of future interception suitable positions and elevations in 

vance. Sewers too often have a wasteful descent into the low grounds, which brings 

e intercepting sewers below the subsoil water, adds to the height of pumping, and 
a deceased grade necessitates a larger diameter, all of which greatly increases the 
spense. 

when, finally, the sewage of a town must at once be prevented from getting into 
"be water-course, the design will be effected still more essentially. The alignment 
.^spends, of course, on local conditions, yet there are several general features which 

may be well to consider. 

As the quantity of rain-water greatly exceeds that of the sewage, and, therefore, 
inly influences size and cost, we must remove it by the shortest length of sewer, 

less it can flow off on the surface. The sewage, on the other hand, is to have a 

~erent point of destination, either near the river below the town or in quite an 

posite oirection ; or it may require to be pumped, entirely or partly. Therefore, it 

necessary either to keep them separated from the start, or to separate them at cer- 

in x>oints. 

In the first case the alignment of the sewers proper will be governed by the topog- 

phy and place of disposal ; the rain-water sewers, if there are any, will follow the 

ktnral slopes and valleys. 

The second case admits of several variations ; often a single intercepting sewer for 

waffe alone bnilt along the shore will answer the purpose. Examples of this are 

and in Paris, London, and many other cities. Two features, however, may some- 
make this objectionable. The upper end (at a, Fig. 2, PI. VIII), being usually 

>ther low to begin with, brings great lengths beneath the surface of the river and 
fttibfloil water, which greatly adds to the expense. 

When the area is very extensive, or the ground slopes unevenly, it is preferable to 
Intercept the sewage along several lines, as in Fig. 3, London, Paris, and fYankfort 
l:>eing examples. 

One of them should run near the contour, from above which sewage can flow to the 
outfall by gravity, a^ gg; the one below collects whatever requires pumping, aspp. 
The territory above the cravity sewer may sometimes be advantageously divided into 
tonea, from each of which the sewage can be separately intercepted, as stated before. 
This will prevent the seVvage from becoming too much diluted during heavy storms, 
before it is int-ercepted, and bring it more quickly to the outfall. It may also, in un- 
even territory, prevent sudden accumulations of storm-water in the valleys. 

A third type (Fig. 4) is the so-called '^ radial" system, as designed in Berlin. It 
eonaiBts of several independent districts, the sewage from each being collected at a 
single point, a, from which the rain-water is led by an overflow into the river, and 
the sewugc proper is raisecl by pumps into a collecting sewer, p, underpressure, which 
carries it away from the river to the sewage farm. This system is applicable where 
the ground is so flat and low that the net- work of sewers, in order to gain grade, 
must form several artificial basins, from the lowest points of which the sewage can 
be pumped into a common collector. 

Jraially, a combination of these principles of alignment is often possible and advis- 
able in the same town. In Paris an intercepting sewer in the northeastern district 
takes the sewage and rain-water from the root of the higher grounds to St. Denis, 
thus preventing an undue accumulation of water in the more level parts of the city. 
Besides this one, several lines of intercepting sewers on each side of the river act 
partly as collectors. 

In Liverpool some of the main sewers act as interceptors at the foot of slopes, and 
farther on in their course as valley-line sewers. 

After these more special considerations, due to the manner in which the sewage is 
to be disposed of, we will now allude to a few more general points applicable to idl 
systems. 

Pipe eewers which are too smaU to be entered are best aligned according to the 
'' Rawlinson principle," so that they can be completely under conlarol. To effect this 
the lines must be perfectly straight between two points of access, and must have a 
man or lamp hole at every bend or change of gradient, the latter taking place entirely 
i^thin the man-hole. With this precaution carefully carried out in many towns, 
much trouble from stoppage has been avoided. The principal has been carefully con- 
sidered in most English towns, also in Berlin and Danzig. 

When sewers are sufficiently large to be entered, it is not necessary to have access 
ftom above to every point of deviation from a straight line. Instead of short curves 
in the man-holes, with corresponding loss of head. It is then better to hav^ \»n\^«s^ 
curves. 
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Farther, the sewers shonld take the shortest way to a point of discharge. For in- 
stance, if a and h in Fie. 5 are two such poii^ts, it is more expedient to bnild two sewers, 
a and o h, than one irom d to a. The single sewer woold not onljr have less fi^ade, 
or else require deeper catting at its lower end, bat it would require a section m>m o 
to a much larger than in the other case. 

Another point of importance inay be gained by considering that a sewer of « times 
the capacity of another will not cost x times the money. It will, therefore, be eco- 
nomical to lead as many sewers together into mains as possible. In figures 6 and 7 
tills feature is illustrated, the point Q indicating either the outfall or a Junction with 
a larger main. The length of the sewers is the same for each case, but Fig. 6 will be 
a cheaper alignment than Fig. 7. Concommitant advantages are found in the cir- 
cumstance that the smaller sewers or branches have better gradients. Starting with 
the same elevation at Q in each case, the points a and b of the maius will be lower in 
Fig. 6, because the greater the bulk of water the less fall is necessary to produce a 
certain velocity, and therefore a better gradient can be obtained for the branches. 

Still another principle may be mentioned. In case of sadden heavy showers on a 
ffreatly inclined surface which changes to a level below, the sewers on the latter will 
become unduly charged, because a greater percentage flows off from a steeper slope 
in a certain time. To avoid this uneven reception, the alignment should as much as 
possible be so arranged as to prevent heavy grades on the sloping ground at the ex- 
pense of light ones on the levels. Isa. other words, the velocity should be equalized 
as much as possible in the two districts. This will retain the water on the slopes and 
increase its discharge firom the flat grounds, thus corresponding more to the conditions 
implied by the ordinary way of calculating the capacity of sewers. It will therefore 
become necessary not to select the shortest line to the low groand, but, like a railroad 
descending a hill, a longer distance to be governed by the gradient. This does not 
necessarily imply a greater length of sewers for the town, because more than one 
sewer for every street is not required by it. Equalization of velocity has, moreover, 
the advantage that deposits are less likely to occur — a fact which should likewise be 
kept in view, 

Mr. Lindley^ of Frankfort, has adopted a general principle of alignment which 
must be mentioned here. He consistently avoids '^aead ends,'' and so does away 
with many troublesome points. Instead of allowing the branches to terminate ab- 
ruptly, he bends ^ach one upwards, as it were, and unites it with the sewer immedi- 
ately above it, about as shown in principle by Fig. 8.* By this means the numerous 
dead ends are reduced to a minimum, and it is possible to flush a branch withsewase 
from the main above it. A disadvantage accompanying this system is a loss of grade 
to the former, but the possibility of a very powerful flusbing at any moment will 
mostly outweieh it. At the very highest points of the system, as at a, water for flush- 
ing is obtainea from subsoil drainage or the town water-supply. Penstocks, gates, 
or flaps at the head of each branch add expense ; yet it may often be less than that 
resulting from the use of other methods of overcoming the troubles arising from 
''dead ends," such as flushing shafts or tanks; or it may be balanced by the greater 
advantages obtained. 

2. Size, shape, gradients, and consiruciian, 

a. SiMe. — ^The question of size is one of great importance, not only because it mate- 
rially affects the cost of the sewer, but also its efficiency. When a sewer is smaller 
than a certain limit, it is liable either not to carry off' the sewage at all, or to become 
obstructed by bulky matter, and when it is too large it offers a greater surface for 
the adhesion, growth, or deposit of objectionable matter. Experience has caused en- 
gineers to be careful in both directions. The smaller sizes for common sewers now 
used in Europe are eight or nine inches in diameter, smaller ones having been found 
unsatisfactory and are generally abandoned. (Mansereh.) Up to diameters of 18 or 
20 inches, sewers of vitrified pipe are used ; beyond this there is a sudden increase 
to a size large enough to be entered, and then the increase is regulated accordinjyr 
to one of the various formul® in use and according to various allowances for rainfall. 

When sewage alone is to be conveyed, its quantity determines the size. It is custo- 
mary for this purpose to assume the amount of the sewage to equal tliat of the water- 
supply to the town, and in practice^ when the sewers do not drain subsoil water, this 
is found to be nearly true. It has further been determined that one-half of the daily 
quantity is discharged from six to nine hours in different places. This consideration, 
according to local customs and the distance from the center of the town, furnishes the 
amount to be expected in a sewer per second, and for safety it has been assumed 
that it should fill the sewer only one-half, as in Reading and other plaees, where the 
separate system is in use. 

When rain-water is to be conveyed in addition to the sewage, we find a great variety 

*See alio detailed plan of Fnnkfort. PL VIL 
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of cnstomsre^ardiof^ the amount deemed proper to provide for, which results from our 
eomparative ignorance of the value of some of the fkctors coming into play. These 
Actors are as follows : 

1. llie greatest intensity of a rainfall and its duration, or, in other words, the 
createst amount of rain falling in a short space of time and the length of time a 
Ssavy fall continues. (See Apx>endix No. 2.) The ordinary records give the rainfall 
between the hours of the daily observations. Sometimes phenomenal showers are 
ncorded as having lasted so many minutes or hours, during a large part of which 
tune they may have been light and during the remainder exceedingly heavy. In rare 
instances only have self-registering rain-gauges been used that have indicated, for 
ii»tan<^ by a curve, the intensity of the entire shower each moment, or, at most^ 
frery few minutes ; and this information is precisely what is of importance for sewer- 
age ^works, which are to provide for the uninterrupted removal of all of the water. In 
only two towns, Zurich and Munich, did I observe rain-gauges of this nature, and 
fheee had only recently been placed. 

2. The relation of the quantity of water falling to the quantity reaching the sewers. 
On thiB point, also, the observations are few and not yet satisfactory, because of the 
ae^eral conditions to be considered. These are : a, the amount of water soaking into 
tiie g^TOund depending on the porosity of the surface ; 5, the amount evaporating from 
the sorface depending on t1io temperature of the ground and air and on the duration 
of the storm ; o, the physical character of the sunace, whether it be comparatively 
■nooth, like roofs aud pavements, or rough, like gardens) meadows, and farm-lands, 
or, finally, whether it be very retentive, as in wooded country or forests ; and, d, the 
dope of the territory, which causes more or less rapid accumulation of the water at 
{he low points. 

Observations covering all these conditions have not yet been made ; at least, not 
eo^Uected and made available for general use. 

Some time ago * I suggested a formula, which was intended as a cuide in this matter 

diowing in what directions the observations are most needed and in what way they 

▼ill affect the ultimate discharge of wat^r from a rain-storm. Sufficient observations, 

however, have not yet been obtained to determine the value of the coefficients. While 

in Enrope I received a formula from a Swiss engineer, Mr. Biirkli-Ziegler,t aiming at 

% rimilar object and having no unknown coefficients. Regarding it as the best avail- 

ible one at this day for approximating the amount of rain-water likely to reach a 

■Bwer, I will give it here : 
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Where Q (Qi) = Water reaching sewers in liters per hectare and second (cubic 

feet per acre per second.) 
c (cj) = Coefficient ransing from 0.25 to .60 (.31 to .75) and depending on 
the nature of the surface, the higher coefficient being for paved 
streets and roofs, the lower one for rural sections of suburbs. 
Average recommended is .50 (.62). 
r (ri) := Average intensity of rain during tne period of the heaviest fall, 
in hters per hectare per second (cubic feet per acre per second). 
The amounts ascertained for Central Europe were found to be 
at the rate of from If to 2f per hour. 
S = General grade of area per thousand. 
A (Ai) = Area drained in hectares (acres). 
The tendency of this formula is to give amounts which increase as the rain becomes 
heftvier, as the slope increases, and as the surface becomes less penetrable by the water. 
On the other hand, it decreases as the area becomes larger. 

The only formula which has been used heretofore, and which has a similar tend- 
flOCTy is the one known as '* Hawkslev's." $ 

The formulsB || used for obtaining the velocity of water flowing in sewers are Eytel- 
wein's in London, Berlin, Hamburg, and Liverpool, Prony's in Paris, Darcy & Basin's 
in Vienna, Lindley's in Frankfort. When properly applied within the range of ex- 
perience from which they were compiled, all give very similar results. 
ft. Shape. — The shape given to sewers is not governed by a uniform practice. Gen- 

T tooeediniSB £ng. Clab, Phila.. volame I, page 207, &o. 

tBftrkli-Ziegler. Abflnssmengen Stftdtisoher Abzngscanftle. Zftrich. 1881. 

tPlmntlieas and sub i indicate English measnre. 

a See Appendix. No. 1. London. C. II. 1. 

I See Appendix. No. 1. C. n. 1, under the various cities. 
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erally the ecrg-Bhape is adopted for all sewers of the combined system, when they an 
large enongn to be entered ; when smaller, the circnlar shape is preferred. 

In Paris, owing to the method of cleaning by flashing trucks, a comjKMite aeciiooi 
is necessary. The sewage itself flows in a channel (cunette) which it fills from sev* 
eral inches to several feet^ and the edges of which are provided with rails for th3 
tracks. At one or both sides of it are foot-paths for the workmen, and the whole ■ 
covered by a semicircular arch. Water-pipes and telegraph wires are usually sua* 
pended in them, to be accessible at all times. Branch sewers in Paris are oval. 

A g^at difference is noticeable in the section given to egg-shaped sewers. Some, 
as in Paris, Vienna, and Hamburg, have a comparatively flat invert, others mon 
pointed ones, as in England, in Frankfort, and Berlin. The latter appeared far mon 
preferable and were found to need less cleaning and flushing than those with flat in- 
verts. 

It is customary in some cities, as in Liverpool, to make all sewers in public high- 
ways large enough to be entered and passed through, confining pipe-sewers to privatt 
and so-called back drainage, where the sewage is collected in a pipe running along 
the back of a row of houses and discharged into a brick sewer on the main street. 
The advantage claimed is a more ready control of the works. In Frankfort, where 
many of the sewers were built by tunneling, on account of the narrow streets, it was 
also preferred to build brick sewers three feet high, where otherwise a pipe sewer 
would have sufficed. 

c. Gradients. — Generally the grades are adapted immediatr^ly to the surface of the 
ground and, as a rule, they are made as great as practicable, not only to reduce the size 
and cost, but to remove the sewage as rjuickly as possible. 

In Berlin it was held that the velocity should not be so great ns to reduce the sec- 
tion of the stream below what was necessary to give a constant flow, and therefore to 
decrease the tendency to deposit. lu England it is recommended not to cause the 
velocity to be greater than six feet per second, in order to prevent a wearing away 
of the invert and to leave ponderous solids high and dry.* 

The minimum grades are made to depend ou the size and object of the sewer. 
House-connection pipes were seldom given a grade less than 1 : GO ; valley-lino sewers 
rarely had grades less than 1 : 1,000, and intercepting sewers were given grades down 
to 1 in 4,183, as in Paris. In Hamburg, and Westham uear London, some were even 
built on a j^erfect level, so that the water could be made to discharge in cither direc- 
tion as desired with reference to flood-heights. 

For sewers of the combined system it is necessary to consider two conditions : First. 
To properly convey and discharge the ordinary flow of sewage, the grades of the sewer 
should be sufficient to prevent deposit of silt, but not so great as to injure the sewer. 
Secondly. To properly convey and discharge storm- water, it is necessary to consider 
the hydraulic gradient instead of the grade of the bottom of the sewer, except where 
they naturally are parallel. For the conveyance of stonu-water, therefore, the high- 
est points to which the water can be allowed to rise, without flooding or damaging 
property, should bo ascertained. The line thus given is a guide for the grade of the 
storm-water, which ought not to rise above it at any place. This point has occasion- 
ally been overlooked. The floods in London, April, 1878, were said to have; been 
partially due to this cause. 

The outfall of a sewer into tidal rivers makes this consideration specially important. 
The ordinary sewage should be discharged freely at low water. The bottom of the 
sewer must therefore bo adjusted with reference to the latter j)oint, in order to avpid 
permanent backwater and deposit. The storm-water should be discharged freely at 
times of high water, and its velocity must therefore be calculated from the hydraulic 

fradient at high water in order to maintain its full capacity at all times. (See Fig. 
, PI. VIII.) 

As the velocity, when the grades are equal, increases with the section and decreases 
with the length of the wetted perimeter, or, in other words, increases with the hy— 
draulic depth of water, it follows that smaller sewers, to give the same velocity a^ 
larger ones, must bo given more gradient. Towards the periphery of the areas, th^> 
^ades are therefore steeper, and the profile of one sewer, increasing gradually ii&. 
size towards the lower end, will, if properly designed, show in general a vertical curve^ 
•being concave towards the top. 

Finally, the fact that a well-built sewer with good alignment may occasionallj^ 
•give a greater velocity with the same grade than a river, has been made good use o: 
in Frankfort. By discharging into the river some distance below the town, it was^ 

{possible, by giving the sewer less grade than that of the river, to drain houses in the 
owest sections of the city, which otherwise would be constantly aftcctcd by the flood 
waters. 

d. Construction. — One of the essential reasons why the European sewerage works, 

*^^»l'l ■!■ ■■■ !■■ ■■■■■— »— - - , ■ -' ■ ■ ■ ■ 

*Bttwlinson : SuggestioxiB to Local Government Board. Also Pilbrow: Separate System in Tottea- 
« ham, pi^i^ 10. 
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vlieraver a pretense is made of bavine a system, are better tban most of oar own, can 
Vfoandin the greater care whicb 1b generally given to their constraction. The 
■itnials are more carefolly selected, and, as a nue, the works are more substantial 
nibaTe a better finish given to them. 

In nearly all cities it has been a main endeavor to make sewers water-tight, not 
m\f to prevent sewage from soaking into the sorronnding soil, bnt to prevent snb- 
Mu-water firom draining into the sewers. In Berlin and Oxford this effort appeared 
tthave been most saccessful. In both of these cities all sewage mast be pnniped to 

jt| aeonnderable elevation for iinrification on farms, and in both the sewers were to a 
1^ measure belaw the level of a freely ranning sabsoil-water, therefore making 
wter-tight sewers a matter of great economy. In Frankfort the subsoil- water was 

111 aho abundant, but as the sewage flows away by gravity the sewers were in places 
dowed to act as draius. This feature would never be objectionable if the sewage 

•)§ could always discharge iuto the river. At preseut the latter is causing trouble ; re- 
rtrictions are placed by the governmeut upon tue further admission of sewage, and 
pnification, on account of tno subsoil- water admitted, will become more expensive 
fbn otherwise. For draiuing away the latter as it accumulates in the sewer trenches 
Mil-pipes have Hometimes been laid below the sewer, as in Oxford and Berlin ; and 
above or to «'aoh side of the sewer, as in Vienna and Breslau. 

An important feature, as already iudicated, is the degree of roughness of the peri- 
■eter of a sewer. It affects the amount of adhesion of tioating particles, forming the 

nt "liel hant," and also the velocity of the water. In both cases it is of advantage to 

s give the interior as smooth a surface as practicable. 

Pipes, except near the dwellings, where grease adheres to the sides, show but a 

b dight coating of adhering matter as compared with sewers of brick or stone. Con- 

M ciete, when smoothly plastere<l, likewise shows but a slight coating, if any. The 

xl odor from concrete sewers, other things being equal, is saicf to be less than fro'm brick 

it| tswen. and it app<^a'red so from my inspection. 

In Vienna one of the reservoirs for storing the drinking-water was partly plastered 
vith a smooth lining of cement and partly was faced with sandstone. The clean 
condition of the former compared with the slimy, greenish surface of the latter, al- 
tlKmgh built the sjime time, seems to.coniinn this opinion. 

The materials whicb seemed to be best adapted for sewers and which were gener- 
iBy preferrc<l, where the cost was not too jfreat, are vitrified pipe^ for sizes less than 18 
inches diameter, and concrete for larger sizes. The next best material is brick- work 
Ciwfnlly laid and jointed. Iron was preferred for the main house-pipes quite gener- 
tily, and was compulsory for the entire system when built according to the Liemur 
pM. Rubble or other stone is not used now, except in Paris, where it is, however, 
pltfltared to a smooth surface with strong cement. 

Wherever a difference was made^ the hardest materials were built into the invert to 
pferent scouring, as the ''blue bricks," in Eugland. 

3. Junctions, 

Under this head it will be in place to examine into a few other points, which have 

firsn more or less trouble in retarding the flow of w^wage. This imperfection has been 

JMsed by an improper direction of the joining streams, by backwater, and by eddies 

^depositing silt or in checking the discharge, so that the full capacity of the sewer 

■ not available. 

. !^ proper direction of the joininj; streams has a material influence on the velocity 

jjti» combined stream. The junction-angle should then^fore be arranged so that the 

™ction of flow of the two streams before joining is as nearly as practicable the 

■JDie. Neither will then lose much velocity in endeav(»ring to overcome the change 

■ •' direction. The less the sizes of the resiKJctive streams differ from each other the 

■*jjs essential is this considerati<m. 

^Jh6 junctions of larger sewers are best made with as long a ra<liusas possible; and 
y* feature we find pretty well considered in England and in the German cities of 
™ttbnrg and Frankfort. In Berlin some of the main junctions of large sewers are 
•j^g'ht angles, or nearly so. Considerable deposit was noticed there, and probably 
?*w serious conseriuences have not been found only for the reason that the velocity 

ife^ sewers before joining is not great, 
^^lien small sewers or house-pipes unite with large sewers it is almost the universal 
JJJ^ice to give the former an angle of 30° to 45^. It has been asserted tliat such 
ffj^tlons at times of rain can even accelerate the flow of water in the sewer. Al- 
^?^^h this is theoretically true, the effect is slight at best, and no practical confirm- 
^?^ of any value has been oliserved. 

L| ^^ reduce the size of a sewer by anticipating this increase of velocity is not advis- 
^ and it is considered a very satisfactory condition if junctions do not canso an 
" retardation of the flow. 
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When two or more pipe-sewers join, the entire curves, as previously mentioned, an 
made in the man-holes, bo that the entire length of the sewers can be sighted. Tbt 
Bmallness of the stream in j^ipe-sewers does not make this short turn objcctiouabloL 
The loss of head in tumine is compensated bv an increased fall in the man-hole. 

An important featnre of junctions is, further, the relative height of the joining 
streams. Unless this point is considered, backwater and deposits may occur in oo^ 
of the branches. Theoretically, then, the joining sewers should be so shaped as tm 
constantly deliver the sewage of eacn at the same level. To comply with this dfr— - 
maud for all conditions is impossible. It will suffice, however, to cousider the onli— . 
nary flow which exists during 90 per cent, of the time. The surface of the latter i 
the branches should, therefore, be either the same for all, or iucrefaso in height as th 
bulk of the sewage becomes less. In other words, the smaller sewers should joi 
larger ones so that their ordinary flows meet at the same level, or so that the smallc 
sewer discliarges at a higher level. The junction of three sewers in Frankfort (Plat 
YII) illustrates this point. 

When two streams discharge into a inan-hole opposite each other, at points abov 
its bottom, they should be placed at different heights, or else receive a slight later 
torn so that the full discharges do not directly meet each other. 

The third consideration of importance in junctions is the prevention of cddie 
which also tend to cause deposits, besides retarding the flow. 

Eddies are produced by sudden changes in the cross-section of a certain bod^ » 
flowing water. Such sudden changes must therefore be avoided and the cross-sectio 
of two joining streams be merged into each other gradnalljir. The so-called " tongues ** 
are the means by which this is effected. Instead of lotting several sewers discharge 
into a flat-bottomed chamber, the inverts should strictly be extended until the re- 
spective surfaces meet. This condition is practically approached as near as possible, 
and the ** tongues'' terminating in a point are thus formed. (See )jlate YII, junction 
in Frankfort. ) Eddies, and therefore deposits, are entirely avoided in this way, whicli 
an inspection fully confirmed. While I noticed no deposits iu the junctions provided 
with tongues in England, Frankfort, and Hamburg, considerable silt was noticed in 
some iunctions in Berlin and Paris which were formed by rectangular and flat-bottomed 
chambers. 

' Even in a man-hole, where sevei^al sewers join, the tongues are just as effectual in 
preventing deposit. The inverts are carried around by curves until the surfaces in- 
tersect, the entire bottom being usually formed of concrete, and smoothly flnished. 
These man-hole junctions are now generally preferred to the former custom of letting 
the pipes terminate flush with the wall of the man-hole, thus forming a basin for 
deposit, as customary in Danzig and Berlin and in the older works in England. 

4. Appendages, 

In order to secure a proper reception of street- water and a ready means of inspee^ting 
sewers, certain appendaj^es to them are necessary. Only such points shall hei^ be 
oonsideied as are essential, and which, when insufficient attention has been given to 
them, have caused imperfect action. 

a. Street inlets, haeine, or gullies, — They consist of— 1, an opening or inlet to receive 
the street-wash ; 2, a basin to retain silt, if this is deemed necessary ; 3, a trap to 
prevent sewer air from escaping, if this is likewise deemed neecessary ; and, 4, a pips 
oonrecting the structure with the sewer. 

T\\e opening is either horizontal, placed in the gutter and covered with a grating, 
or it is vertical and flush with the curbstone, or both plans are combined. A ffratinff 
in t)^e gutter can only answer when the streets are kept free fh>m matter which could 
clog the openings, such as leaves, manure, &c. They are extensively used in Europe. 
(Ssp Table L) 
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A vertical opening on the line of the cnrb is therefore more expedient, as it cl 
beobstmcted oy the ordinary street-wash. But it is only safe when the discbi 
pipes as well as the sewers are large and the introduction of bulky matter w] 
may find its way into them is not objected to. 

A combination of the two methods may be considered a transitional stat«, 
practically the same as the second and more expensive. 

Where sewers are large and the grades are not too light or when there are ^ 
flushing facilities, side openings in the curbs are preferable. For pipe-sewers,*^ 
light grades, gratings in the gutters are necessary. 

The size or the openings when grates are used varies from 10 by 14 inches in Dai 
to 16 by 27 inches in Brighton. (See Table I.) The side openings are shallow, f 
4 to 5 inches high, and 12 inches to 40 inches long. When located at the comei. 
streets, as usual in America, the inlets require a turning of the stream, and the 
fore cause some damming up, thus nocessitating a greater section than when ii 
are above the comers, as is common in Europe. 

Another essential part of the gully is the basin for the retention of silt. ObJ 
tions have been raised against it on account of the foul matter which may accui 
late therein. But when every house is connected with a sewer and the streets 
well paved and well cleaned, the water remaining in the basins does not become 
offensive, and I nowhere found them so. When, however, much kitchen- waste 
into them, or when the streets are kept dirty, a very frequent cleaning is neces 
to avoid offensiveness. Basins, furthermore, do not prevent the washing of fine 
into sewers during rain-storms, where it deposits as soon as the velocity diminisl 

Wherever it is at all possible to do without basins they should be dispensed wi 
Li Hamburg and Paris the flushing facilities are such that they could be omitted 
all of the paved and well-cleaned streets. 

In Frankfort the removal of silt is facilitated by placing buckets perforated 
the top in the basins to retain the heavier solids, and permit of being easily 
out: in other cities scoops are used. I 

Tne depth of the basins varies with the climate. It will bo noticed (See Tablej 
that in England they are comparatively shallow, while in Germany they are 
twice as deep on account of the severity of the frost. 

Regarding the irapf we find it entirely omitted in Paris, Hamburg, and occaaioni 
in London. In Leeds it was removed with good efifects. In Berlin the original t 
now acts simply as a screen, being perforated at the top. Wherever the sewers 
properly built and well maintained the absence of a trap would seem to be rather] 
benefit to the system than otherwise in permitting a better circulation of air. C 
where inlets are placed in narrow streets and near windows, has it been found n( 
sary in all cases to prevent the occasional escape of foul air. As a rule, the cleai 
facilities are such that a constantly perfect condition cannot be guaranteed, and 
omission of traps must be treated with a great deal of caution. It could hardly^ 
recommended for American cities. In the table it is noticed that the depth of wai 
seal in the mentioned cities varies from six to fourteen inches, which fully 
against evaporation. 

The diameter of the discharge-pipe into the sewer varies from six to nine inches 
those cities where the inlet is a grating in the gutter. The amount of water ei 
delivered to a sewer from them could be carried by a three or four inch pipe, bnij. 
is preferable never to use less than six inches. Where side openings are placed !$■■ 
the curb which x>ormit bulky matter to enter, a larger diameter, at least twolfl 
inches is customary. In Paris and Vienna the connections are large enough to allof 
men to go into them from the sewer. ^ 

The ordinary location of sewer-inlets in Europe is not at the street comers, asl^ 
America, but slightly above them or near the middle of the block. They are tU^ 
placed closer togeUier than here, which explains their smaller capacity. This greadf 
frequency appears to have no special advantage, but the avoidance of imets jk, 
street intersections has several. The deep jitters at the sidewalk-crossings are ohtr; 
ated, which in winter are often very objectionable. It is further possible on suitalU 
pavements and grades to allow the ram-water to run over intersections to anothC 
block. The advantage of this is a saving of inlets and the keeping of rain-waterii 
long as possible on the surface, which not only assists the cleaning of the pavemenl% 
but diminishes the size of the sewer below. The practicability of thus permittillff 
rain-water to run across street intersections depends on having a smooth pavem^fc 
such as Belgian block, wood, or asphalt, with a slight and suitable camber to avoli 
pockets, conditions wnich are common in London, Liverpool, and many continenlll 
towns. It also requires the waste- water from every house to be led into the sewflb 
and that nothing but rain-water be allowed on the surfsK^e of the pavements. 8 
these conditions cannot be had, inlets are necessary at every lower junction of twt 
descending gutters. 

A word may still be added with reference to the gutters themselves. They vary ttoB 
ditches (two Ibet deep in the older parts of Berlin) to the simple depression caosei 
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dope of a cambered street and the curbstone, which is generally only three 
iaoliea deep. The objectionable features of a rough and deep gutter are that 
ins ni;ther than removes street dirt ; that it is unsightly and sometimes even 
nu. Its best form in a sewered street is the natural channel formed by the 
I of ft smooth pavement with the curb. That the gutter should be as smooth 
iblAy is necessary in order to allow a comparatively small amount of surface or 
Iter to run off readilv, and therefore cleanse it. 

■jkAoIm. — ^Accordingly as sewers are entered from the street or the sidewalks, 
ferent structures are used. When the trafBc is sufiScientl^ great so that an 
stion in the street, caused by opening a man-hole for inspection or cleaning, is 
ng, ft passage-way is built horn the sewer to the sidewalk, with an entrance 
latter. These are called side-enlxances, and are used in the central parts of 
I, in Paris entirely, and in Hamburg and Frankfort in the most frequented 
. The only objection to them is their expense. 

•holes, when placed directly over the sewer, are by far the more common of the 
ntrivances. The sectiou is generally round, varying from 2 feet G inches to 
diameter. In Vienna it is 2 feet square ; in Liverpool rectangular, 2 feet 
by 1 foot 6 inches, and in Brighton 3 feet 6 inches by 3 feet. The circular form 
ue best and is most economical. For pipe-sewers an elliptical section is pre- 
which gives room at the bottom to work in. In Liverpool a chamber is com- 
boilt for this purpose. 

ft laffge sewer the man-hole is built on its side- walls, the invert continuing its 
without interruption. For pipe-sewers in Danzig and Berlin, the man-holes 
een built with -a square or rectangular bottom, letting the pipes enter above it, 
sniDff what has been called the " pot-and-pipe system.'' The objection to basins 
mied is that they retain decomposing matter. The better plan, which is now 
d in England in preference, is to carry the pipe-sewer in semicircular section 
h. the man-hole, and thereby offer no chance for deposit. As man-holes are 
ively used for ventilation, they are provided with the following arrangements 
A- purpose : 

me cities, notably Vienna and Hamburg, they are covered with an open grat- 
songh which the air can freely escape and the street dirt drop into the sewer, 
■a, the man-holes are covered by gratings, partially open and partially closed 
}ook» of wood, intended to deaden the sound made by vehicles passing over 

In Berlin the holes are near the x>eriphery, the blocks in the center. A few 
below the cover, a sheet-iron plate rests on a few projections. This plate, 
r holes in the center, under the blocks, permits the circulation of air and at the 
fane prevents street dirt from dropping into the sewer. In other cities, espec- 
I England, the holes are in the center, while the blocks are near the periphery, 
ket, box, or pan is then suspended under the center to catch the dirt, while 
iftiflai is obtained at the periphery. Of these two plans, the latter seems to be 
y preferable, because the dirt can be more readily lifted out, and because the 
I has less metal exposed to the passing wheels. The common plan in England, 
e which is more expensive without offering additional advantages, is to close 
M-hole with a tight cover and to build a small catch-basin, communicating 
i, to one side, which then receives an open grating about 9 by 18 inches in size, 
nn being about two feet deep. 

ud point to be considered is the distance between man-holes. 
tois it is fixed at one hundred and sixty-four feet, a deviation bein^ made only 
i erossin^ or other obstruction compels it. In Vienna the distance is about two 
id feet ; in Hamburg three hundred and fifty to four hundred and fifty feet ; in 
fort five hundred and forty to six hundred feet for large and two hundred and 
I three hundred feet for small sewers. 

se pipes are used a man-hole is placed at every change of direction, usually at 
It intersection, and, on long straight lines, two hun<u'ed to three hundred feet 

The rule that the smaller the sewer the nearer should the man-holes be placed. 
BBilly observed. Where sewers are well built and well flushed, man-holes need 
' as close as when the sewers require much clearing by hand labor. 
9€rfow9 and ouifalls, — Two more subjects require some inquiry, where imperfec* 
ian have serious results. 

fhw». — Storm-water overflows are not practicable for sowers which themselvet 
the nearest natural outfall. They are therefore confined to intercepting sewers, 
Mdr advantage consists in causing a reduction of size in the latter below an 
m. 

> designs are i n use. One permits the ordinary sewage to drop through an open- 
the invert of a valley-line sewer into an intercepting sewer which crosses un- 
kth it. The storm- water, which attains a greater velocity, leaps over the open- 
d continues its course to the river. Unless the size of thisojioning is carefully 
ed and allows of graduation, its action has been found unsatisfactory either in 
ring too much water into the intercepting or too much sewage into the overflow 
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eewer. A better oontriyanoe, and one more commonly need, is an opening in the 
of an intercepting sewer through which the watei, after reaohine a cerSun hef 
can flow off into some other ohanneL The ]^roper height at which this is to ~ 
must be determined from the degree of XK>llntion permissible for the water deliy* 
by the overBow sewer. The proper shape will be a long and shallow vertical rec 

gle, permitting a sheet of water to run over and to give the desired bulk. When 
iteroepting sewer, which is to be relieved of the storm- water, is straiffht. the oi 
flow sewer should start with as easy a curve as possible, to prevent a checK upon 
velooitv, which, during heavy rains, might have serious results. A better plan is 
curve the intercepting sewer so that the overflow forms a straight continuation of 
while the ordinary flow makes a curve, because the storm- water would suffer less 
tention, having a greater velocity. The position and frequency of such overflo 
will depend on the pollution allowable, on the topography, and on the existing sewi 
which may be used for this purpose. 

Outfalls, — The location of the outfall of a system of sewers will depend, not o; 
on the topography and on the indications regarding the growth of the town, but 
on the manner m which the sewage is to be disposed of. When purification is nc 
sary, the outfall must be at the locality where this is to be carried out. Commo: 
such places are below the town and near the water-course into which the efflu 
sewage can bo discharged. In some cases, where no land is available below the to 
the sewage must be carried to other points. In Berlin it is pumped to farms situai 
several miles from the river, the effluent discharging partially above the city. 
Leamin^^n and some other English towns the sewage farms are also not below bi 
at one side, on some tributary streams. When purihcation is not required, and f 
sewage is discharged into a river or the sea, the location must in both cases be beli 
the town, to prevent pollution of the shores in front of it. Along the sea-coast 
prevailing currents determine which direction is below. In rivers or estuaries, wh 
the tidal range is great, it is necessary to carry the outfalls so far down that thezo»j 
turning tides cannot bring back the sewage to the town. It will be necessary, b^ 
sides, to store it either in reservoirs or tank-sewers during incoming tides, and todft^- 
charge it only at times which will prevent its return. If the outfalls are distant, tMH 
sewage can safely be discharged before high- water, as in London, and continue fit' 
three or four hours after it. The main features regarding the location of the outfidl 
are herewith indicated. It remains to examine into its position. 

When pumping is necessary, it is a matter of economy to design the outfall so tlatf 
the elevation to which the sewage is raised can be varied with the level of the bodf- 
of water into which it is discharged. For tidal rivers, only such portion of the sei^ 
age may be pumped to the elevation of high tide as must be discharged at this eleT» 
ti^L, as, for mstance, at Crossness, London. 

Wnen sewage discharges by jypravity, the position of the outfall is governed by tkl 
tides as well as by the elevation of the lowest part of the country which is to bi 
drained. In all cases a sewer should be placed at an elevation which willpermit rf 
a free discharge of the ordinary flow of sewage at low-water. ^See Plate Yin, Fig^ 
9. ) Another governing point is, that the h vdraulic gradient of uio storm- water floHf 
determined at the highest spring tides, should be the gradient by which the size is d^ 
termined. If this is done it matters not how far the sewer is placed below high iHSob, 
as it will never be tide-locked. 

In fact it will sometimes be advisable to sink the outfall entirely below water, cany* 
ing it in a submerged conduit on the bottom of the river or bay to a point in uieonfr 
rent, to have a more rapid dispersion of the sewage and to prevent it from aocumnli* 
tiuff in the docks and along the shores as in Hamburg, Brighton, &c. 

When the hydraulic gradient cannot be raised to hi^h -water at the outfall withonl 
causing the flooding of cellars, or even entire districts in the city, it will be necessaiy 
to close the outlet by a x^enstock or tidal flap, to prevent the tme- water from enteV" 
ing the sewer, which then acts as a storage tank until the tide recedes. This trea^ 
ment is common in London, Hamburg, Danzig, and^ther places. In the case of t 
heavy rain-storm during the time when the sewers are locked against high tides sS" 
rious results are apt to rollow if provision is not made for this contingency. 

In Hamburg the canals running tbroueh the city are also closed against the hi^ 
tides in the river, and in thus forming a oasin the storm-wator overflows dischargi 
into them at such times and relieve the sewers. When a similar expedient is nod 
possible, the only euard against this trouble is the interception of rain-water anddii 
charge at higher elevations, or its removal on the surface by the introduction of tlK 
separate system. 

5. Ventilation, 

The question of ventilating sewers is one on which there are yet very decided BJHf 
opposing views. 
JM411J different methods have been proposed and tried^ and none of them hav 
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■Atisfied all requirements. A comparison, however, will show, I think, in what 

on ire may find an ultimate eolation. 

EQaiioii may be had in two ways : by means of natural forces at work in a sewer 

fftiflclal force. The former can, in the main, be stated to be as follows : 

h$ di^frence of temperature of ihe sewer and the atmosphere. — While the latter varies 

f, the former remains almost stationary, thereby tending at one time to cause 

r to escape from the sewer, at another to be drawn into it ; or sometimes to 

iloiig the sewer toward the higher parts of the system, and at other times to 

downward. 

%tmfe in the qnantitg of sewage. — ^Not only the varying amounts of water used in 

railings, &c., constantly produce a change in the bulk of sewage, and, there* 

if the air contained in the sewer, but durmg u rain-fall these changes become 

narked. 

\ieiumal force of the flowing seioage. — ^A current of water, as any other body in 

By carries a certain quantity of air with it by friction. And this is true not only 

rtical but also for sughtly-inclined pipes, and the amount of air drawn along is 

dmt on the exposed area and velocity of tbe sewage and not on the size of the 

^except when it is ninning full or nearly so. 

Wkid blowing orer street-openings and info ouifalh. — Whenever a strong current of 

MSB over a shaft-oponing in the street it will affect the circulation m tbe shaft, 

r by causing a downcast or an upcast, as the direction of the wind may be. A 

' outlet exposed to tbe wind will cause a similar effect. 

) interaction of these forces produces a natural circulation of air in the sewers 

f ease. And it must be provided for if traps connected with the system are to 

tiin their object. 

» artificial circulation of air is attained either by the plenum or vacuum sys- 

i «., by the creation of a draught in forcing air into the sewer or in drawing it 

riU be evident that near the motive power the pressure is greatest, and that it 
Jminish as tbe distance increases. Therefore a very unequal pressure is caused 
dioat the sewer. And unless it is air-tight and the traps sufficiently guarded 
Bistand both the greatest and the least pressure, the effect of the ^ificial 
^ will decrease very rapidly. 

liooB appliances have been used for obtaining this artificial ventilation. The 
moeessful example that came within my notice was in Brighton (Appendix No. 
D, 4), where a large stack, 200 feet high and 6 feet in diameter, has been built 
ttllate 2 miles of an intercepting sewer. A fire is kept burning constantly, and 
tSQght is Just noticeable at 2 -mues from the stack, when all openings on this 
Ih are carefully kept closed: There are no house connections on thisline. Al- 
;h there may be instances, like this one, where artificial ventilation is to be 
md. it will be evident that it cannot be recommended for entire sewerage sys- 

bat is only useful where there is no danger of destroying traps, when the 
ll oirculation of air in the sewers can be counteracted with sufficient force, and 
Jio more economical mode of ventilation is advisable. 

I natural method of ventilation is otherwise to be preferred, and it remains to 
be into it more closely. 

I fixrces operating in a sewer, it has been said, compel the air sometimes to flow 
land at other tmies to flow out, and to rise to the higher portions of a sewer 

ndl to the lower ones. By facilitating this free motion of the air, a natural 
Jmost constant circulation is obtained. 

I means employed to facilitate this action are shafts communicating with the 
•ir. High shafts have been built at the upper ends of sewers, as, for instance, 
lakfort. But, although the impure air is led off effectually, tne expense of 
towers is hardly warranted, because cheaper means will accomplish the same 
t Gas-posts have sometimes been used as ventilators. In Glasgow, for instance, 
B it was expected that the beat would create a current, the latter idea has been 
I np as there are frequent downcasts, and the posts are now used simply to enable 
vwer air to escape when necessary above the pavement in a way not to bo an- 
ig to pedestrians. 

ftrain-water pipes of houses, when counected with sewers, have also been pro 
1 08 ventilators for the latter. Yet this is objectionable, not only because tbej 
10 rule insecurely pointed and often open out near garret windows, but l>ecaus( 
do not act at tbe time when their action is most needed, namely, during a rain. 
x>lnmn of falling w ater tends to carry air down with it, instead of lotting ii 
»•, when the sewer is filling up with water and endeavoring to expel the air. 
1 rain-water pipes are tbe only means of ventilating sewers, their action is even 
sly cutoff wheu the sewers fili up above the point where the house-drains en tor. 
B soil-pipes of houses carrietl above the roof are now much used for sewer venti- 
if and have fewer objectionable features than the rain-water pipes. When they 
Mide of the houses and are not well Jointed, the danger of the escape of oewer 
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air into the dwellings is apparent. But it mast be said that as a role the hoaae-pipa 
will always be in a worse condition than weU-kept sewers, and, therelbre, if the piM 
are sufiScientlv tight to prevent any escape of sases originating in the house-^pi 
itself, they will auo prevent an escape of gases irom the sewers. 

A valid objection to soil-pipe ventilation, if it is to be the only method emplc^yedyii 
again the fact that if the water in the sewers rises above the house connection, all 
ventilation through houses is stopped. This might be obviated by leading homSi 
water into the sewers at the soffit. But this would not only cause the sewer to be ia* 
passable, but require that it should be built to a greater depth than if the house c(Hh 
nections enter at or near the sprinffiug line. 

The advantages on the other haml are, that the circulation in the hoose-pipe itself ii 
facilitated by the pul8ation of the sewer air, and that the lower opening m the honM 
drainage near the sidewalk or yard is avoided, where often disagreeable exbalatiom 
are noticed. Still another advantage lies in the circuuiRt'auce, that when the venti- 
lation througli street-oi)ening8 fails, as in winter when heavy snow or ice covers them, 
the action of the Hoil-pipcH as ventilators is not impaired. 

In England, ventilating sewcrn through soil-pipes is objected to, because an escape 
of sewer air into the house is feared. In Germany, it is advocated in Hamboig^ 
Frankfort, Berlin, Danzig, and other towns. The great amount of snow and ice dm^ 
ing the winter in German cities, obstructs the ventilation through street openinff% 
and other methods are compulsory. As the winters in England are very light, tM 
necessity for other ventilation than that obtained through street oi>eniug8 does not 
appear. This circumstance may partially explain the different customs and opinions 

Lastly, the most common and most oifoctual method of sewer ventilation is that ol 
leading shafts from the ttewers up to the surface of the street and covering them with 
an open grating. 

This pmn is also the cheai>est, because it requires but a slight additional expense 
for the structures, such as the man and lamp holes, which themselves are Decessaij 
for other purposes. 

The contrivances to permit free exchange of air and to catch the street dirt dropping 
through the openings have already been alluded to. It is now necessary to inqniie 
into the effects of ventilating into the street. 

If the sewer air is uniibrmly diluted when it escapes at the surface, its quantity at 
any point decreases ver^ ra)>idly, t. e., as the cube of the distance from the opening. 
As a matter of observation, I found only in rare cases any noticeable odor at the dis- 
tance of a few feet from the ventilators, and then it was only the case when the aeweii 
were declared to be in an imperfect or unclean condition. When they were moder- 
ately clean the exhalations were in no way objectionable. 

As it is impossible in all castas to ^uard against the escape of some foul air, varioni 
devices have been proposed to purity it. Among all of them the charcoal method il 
the cheapest, best, and most used. The apphauces consist of a basket of spiral or 
other form, in which the charcoal is placed ho that the sewer air, in escaping, paasee 
over it. The great absorbing power of charcoal is in this way made use of to absorb 
the gases. This basket is suspended near the top of man-holes, or of special shafl^ 
or it is placed between the man-holes, which then receives a closed cover and a eJde 
catch basin with a grate cover, in such a manner that no air can escape withont com- 
ing into contact with the charcoal. The action is good if the latter is prevented from 
absorbing too much moisture and is not in use over six mouths. The expense of char- 
coal and its continual replacing precludes a general adoption of this method, and it 
is now used only in places where the escaping air is very obnoxious. 

In order to ventilate sewers into the street without causing a nuisance, it therefbm 
becomes necessary to build them in a manner which will secure a good circulation of 
air at all times, and also to keep them clean, which latter is necessary, from an inde- 
pendent point of view, to prevent as much as possible dee<)m))osition,' propagation of 
germs, and expulsion or escape of air in undesirable ways, and iinally, in order to 
enable them to be entered witnout danger. Whenever it may not be possible to secure 
this condition permanently, some other more costly or Iohh etlleient method of attain- 
ing ventilation must be employed, which local cireunistaneeH will determine. It may 
be advisable to insert charcoal ventilators at certain pointn, (»r, in short sewers, to 
use the outfall in connection with soil-pipes, and to omit ventilating man-holes en- 
tirely. 

The conclusions which present themselves mav now bo staltMl as follows: The most 
economical and eifective method of ventilation Is by short sluiftj* in the streets, placed 
at frequent intervals. The next best method is a free ciunniunitatiiai with the outer 
air through the soil-pipes of houses, under the jiroviso that tlu-y are juoperly con- 
structed. 

As the former method often becomes inoperative in the winter, and the latter re- 
quires the overcoming of c^onsiderable friction, owing to \Uo Imj^jih and compara- 
tively small size of the pipes, which greatly retards the cireuhiiion, neither solely 
appears to answer all conditions. Both methods in eonjnn«lii»n, however, satisfy itt 
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the requirements. Ordinarily the Bteeet-opening woiiUl effect the exchange 
iCftir, and the noil-pipes would draw the air necessary for their own ventilation from 
%B Mwers. When the former do not act a circulation can then l)c secured through 
te Utter. If it is required to guard against all contingencies, it remains yet to pro- 
iMb for thus case, when hotU the man-hole covers are closed by snow or ice and the 
are filled from a rain or sudden thaw, so that the house-drains are also inoper- 
riife. This condition can be satisfied by leading a special safety ventilating pipe 
§m the soffit of the highest point of the sewer and from man-holes, as may be 
Mrnble, into special stacks, chimneys, gas-posts, or house soil-pipes, according to 
veeiBity or convenience. 

ft appears, therefore, finally, that the natural method of ventilation provides for 
dlcMM; it can secure a sufficient circulation at all times; it is more economical, 
pi therefore, on the whole, preferable to the artificial methoil. 

IV. MAINTENANCE OF SEWERAGE WORKS. 

Aitriking contrast Is observable between the average ordinary condition of the 
•wen in Europe and in America, and it is in this want of proper maintenance per- 
ils more than in any other point that our sewerage works have often failed to 
omrer their intended purpose. 

If Mwage were a uniform substance like water, gas, or air, its conveyance through 
llnmels could be as readily accomplished as the water and gas supply of a city, 
lit the sewers contain fluids, solids, and gases of the greatest variety in bulk and 
viight, and sometimes in proportions which cause injurious conditions or imperil 
tti proper action of the sewers. 

Entire self-action, therefore, cannot be relied upon. Occasional inspection is una- 
fridible in order to prevent serious obstructions, and artificial assistance in removing 

tdts becomes necessary from time to time. 
^ vend methods of cleansing sewers are in vogue. 

1. Free flushing hy means of sewage or water from the town supply, 

TUe is the most common and cheapest way of removing deposits. The appliances 
AritTarv with the size of the sewers, and with the customs in different cities. 

At the head of a small pipe-sewer it is difficult to collect enough sewage in a short 
tine to flush the same ; therefore city water is generally used at such places. In 
livwpool the end of the pipe is bent up to the street sur]face, and there is fed bv a 
Wn attached to a fire-plug, or large iron flush-tanks, mounted on wheels and filled 
vHh water, are suddenly discharged into the sewer. In most cities, both in England 
«d Germany, a flushing shaft is placed at the highest point, and is filled from the 
cHj water-pipes. On Rawing a valve, or stopper, the entire contents are suddenly 
^Ubu^ed through the pipe. Man-boles on the line of the sewer are also often used 
Mlndung shafte, as in Danzig, Berlin, London, and Oxford. 

Field's self-acting flush-tanks have occasionally been inserted at the ends of sewers 
h England; one at Aylesbury, 12 inches diameter, has been in dse for several years. 
U^ require occasional inspection, and are only satisfactory when supplied with 
^en water, not with sewage. 

• When the sewers are larger than 12 inches or 15 inches, it becomes necessarv to use 
*|nater bulk of water than can be collected in a man-hole, shaft, or tank. The 
Mi0e is then dammed until a sufficient amount accumulates^ which is suddenly re- 
MM. Small sewers of 12-inch to 18-inch pipe are dammed by flushing slides, which 
unplaced in front of a pipe in a man-hole and drawn from above. In Oxford, for 
teiuce, the sewage is allowed to rise to a headpf from 18 inches to 3 feet before the 
Ae is drawn. 

^ Brick sewers have gates and pen-stocks for the same purpose. The former are 
«*tter than the latter, liecause they are swung trom the side and open suddenly, 
^kereas the latter, worked fixmi above, are raised by means of a screw. Wherever 
* wge body of water is to be mastered, pen-stocks are preferred, and the mechanism 
" VeSally arranged so that one man can operate it. 

JWhere the grades are light and the damming of sewage in larger sewers would 
2^e it back into smaller ones, flushing has sometimes not been favored. In Berlin. 
2f^i^<tance, it is only used for the smaller sewers, while the larger ones are cleanea 

^J[he alignment advocated by Mr. Lindley and executed in Hamburg and Frank- 
^ is arranged as already mentioned, with reference to the avoiding of dead-ends, 
^^ the facility of flushing small sewers from larger ones. The sloping ground is 
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fal flush. In Dantzig, a similar object is accompliBbcd by leading a pipe sup] 
with clean water along the periphery of severallargeareivsand couriectinjj thoh 
est ends of the branches with it. At any time the entire contents of this pipt 
be tamed into any of the smaller sewers. 

River water has also been used in a similar way, where the sewers were beloi 
level at the upper end and above it at tbe lower, as in parts of Danzig. Sea m 
has likewise been of service in this direction. At spring tides, the sea water ii 
mitted at the upper end of tbe long intercepting sewer in Brighton for four oi 
days in succesHiou. It is stored for two or three hours, and then allowed to si 
down to the lower end, which it rea<;heH at the time of low tide. 

As the effect of a flush is gradually lost by a decrease of velocity and an equa 
tion of the flow, it is necessary to place th<? tlushiug gates, &c., at frequent inter 
The distance apart also depends on the gradients, as it is generally required t4 
the full benefit of a flush before the water is again i)enncd back. A local consi( 
tion, therefore, must decide what distance is best. In Europe it varies greatly, r 
ing from 300 to 5,000 feet. 

The method pursued in flushing is, generally, to begin at the highest point 
work downwards. In this way the silt is gradually flushed down and out. In I 
burg, the lower parts are cleaned first, which has the advantage of preventing a j 
accumulation of silt toward the end of the flushing. 

The frequency with which sewers are flushed likewise varies. In Berlin the p4 
is two weeks, in Danzig and Frankfort three weeks. In Hamburg the sewers b 
the Alster basin are flushed twice a week ; the rest are flushed every two to i 
months. In England, sewers are flushed at intervals of one to three months. A 
time of flushing there is usually an inspection, and a monthly or (luarterly reco 
semetimes kept of the condition of the sewers, as in Hambui-g, Frankfort, Berlin 
Vienna. 

2. Fhiehing by means of a movable (fam. 

Under this head I shall group the method of cleaning w^wers which is the con 
one in Paris. According to it the sewage is dammed up by an artificial and mo% 
obstruction, which nearly fills out the invert, leaving but a narrow space arouni 
perimeter. The available cross-section of the sewage is reduced thereby, so tha 
velocity is correspondingly increased. This increase loosens and scours up th< 
which 18 slowly and automatically pushed along in front of the artificial dam, w 
is itself movea by the rising water in the rear. This dam consists in open se 
usually of vertical aprons or scrapers (French, vanue), which are suspended froi 
front either of boats floating on the dammed-up sewage, or trucks running on 
fastened to the edge of the inverts. In submerged sewers or syphons the same c 
is accomplished by a ball (French, boule) of slightly less diameter than the se 
which in this case must be circular in section. " 

In both cases the propulsion is automatic, as it is caused by the water itself, 
although the process is a slow one (about 2,500 feet can be gone over in a da 
effectually accomplishes its object. 

In operating the scraper it is necessary to adjust its height with reference tc 
amount of scour required. If there is a considerable amount of silt in the bott< 
is possible to remove only a top layer, as it were, and to lift the dam accordingly 
second or even third flushing is then required to remove it all. Whenevei 
amount of silt in front of the dam accumulates so that the motion of the latter i 
paired, the silt is dredged out and loaded into a boat or a tip-wagon, as the case 
oe, in which it is removed to an outlet. 

The syphon at the Pont de FAlma, crossing under the river, and which is onei 
in diameter, is cleaned by passing tl^e ball about once a week. A head of wat 
1 foot 8 inches to 7 feet can be obtained, w^hich has always been sufiScient to rol 
ball through in a few minutes. In England this method of cleaning syphon 
also been tried, but in smaller pipes and with less success. It appears that a ] 
mass of water causes the ball to act with more certainty than a small one. 

It will be evident that the cleaning of sewers by movable dams must be mor 
pensive than by a free flush. Yet where grades are so light, as in the large collectc 
Paris, the latter would have but little effect, and so the additional cost is just: 
especially as it is much less than for cleaniiig by hand, the only alternative. 

3. Cleaning with hand tools. 

Where the foregoing methods are not available, or do not remove the obstract 
a partial or an entire cleaning by hand becomes necessary. In Paris and Live] 
small trucks gauged to run on the inverts are used to convey the silt, which is f 
eled into backets placed upon themj to the man-holes^ and there lifted out, or, 
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to the larger sewers and there dumped into the fluishoff tracks. The tools 
iresorapersy hoes, and shovels of soitablo shape and size. The larger sewers in 
I, which are not flushed, are cleaned with hoes, by which the silt is dragged to 
;e catch-basin at the ontlet. This cleaning is done every two weeks, but the 
•basin is cleaned daily of the silt carried down by the ordinary flow. In Oxford, 
sn-fitocks are so arranged that certain sections between them can be temporarily 
led against the sewage from either end, which permits the removal by hand of 
IS obstructions, and also a general examination of the condition of the sewer. 
Bpightony where a good deal of sand washes into the sewers, large catch-basins 
laced on the line, especially just before discharging into the intercepting sewer. 
sue cleaned every day or two. 

Vienna, where flushing has not yet been introduced, the contents of the house 
igML which are large enough to be entered, are scraped out ouce a month into 
^biic sewers. These are then cleaned at intervals varying with the grade, 
n having a fall of less than 5 feet per 1,000 are cleaned once a month; those 
ur a grade between 5 and 10 feet per 1,000 every two mouths; and all over 10 feet 
,000 are cleaned every three months. When deposits are reported to be greater 
3 inches, a special cleaning at intermediate intervals is required. 
t points where flushing does not always remove silt elfectuully are the stretches 
which a heavy grade has changed to a light one, and therefore checked the 
itij. Also at the lower end of a flushing section, where the stream has lost its 
, deposits are likely to remain. At such places, after-cleaning by hand is some- 
iiesorted to. 

bn pipe-sewers cannot be thoroughly cleaned by flushing, it is necessary to in- 
tools and to draw them entirely through. In England, circular brushes are used 
Us purpose ; tbey are drawn by means of a rope first floated through by a flush, 
eriin, cvlindriciC brushes, filling the pipes, and 1 foot to 18 inches long, are used 
tariy. when this does not answer, one-half inch iron pipes, 6 feet long, are at- 
edto each other with a disk at the end, and are pushed through the sewer. In 
Af, brushes and disks are also used in this way. In Berlin it is sometimes found 
dient to use both the cylindrical brushing and liimhiug at the same time, the former 
taing the silt, the latter assisting the motion and cleaning. 
hoD neither of the foregoing methods is available, jointed hooks are sometimes 
ted, which close when pushed into the pipe, but open by means of a spring when 
Ml back, acting then as a hoe. 

vord must also be said here about the cleaning of catch-pits under street in- 
orgnUies. In Frankfort every gully has a bucket standing in it, into which the 
Imps. These are lifted out and emptied at intervals of from three days to three 
n^ according to the character of the pavement and the weather — generally every 
weeks. In all other cities the basins were cleaned by scoops at intervals varying 
!»>'e. 

4. Management of sewerage work. 

Appendix No. 1, under B, I have given outlines of the organizations in charge of 

lage works and of the manner in which these are conducted. It will be seen that 

natters concerning their design, construction, and maintenance are generally 

r the supervision of one and the same department. In London, on account of the 

large territory, it has been found expedient to intrust the construction of branch 

nto the ^' district boards " of the respective sections, each one of which has an 

user with a cordis of assistants. But all plans must be approved by the metropolitan 

dof works, which is charged besides with the making of all designs, with the 

iins of all works connected with the intercepting system, and with main valley 

DT" Schedule D" sewers, as they are called. 

Paris the water supply and sewerage works are placed in charge of one depart- 

i. The water-mains are placed in the arches of the large sewers, and in still other 

V points the two sul>iects stand in some relation to each other; Therefore, to 

itate the operations, they have remained under a single department. 

Berlin, where sewerage works are at present being extended over the entire city, 

dal department was established for the design and construction of the new system. 

uties will expire on completion of the works. As soon as a section is finished it 

med over to a permanent department which is charged with its maintenance and 

the extensions that may from time to time become necessary. 

the remaining cities the design, construction, and maintenance are placed under 

»ad. • 

* execution of the work is diflferently treated in difierent places. 

» rule all new works are built under contract, Berlin being the only prominent 

vhero the depai-tment itself takes charge of the entire construction. The main- 

^ of the sewers, on the other hand, is quite generally conducted by depart- 

officers, and in rare cases is contracted for. Before the year 1871 the London 
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sewors were cleaned and repaired under contract j but then it was decided to hare 
them cleaned thereafter by men under the immediate direction of the board, repair- 
ins only to be done by contract as before. 

Li Paris all new works and repairs are under contract, but cleaning is done by de-, 
partment employes. 

In Vienna new works, repairs, and cleaning are all contract work, the passaset; 
leading from the sewers into the houses, and into which the various house pipes ms- 
oharge, even being included. 

In the remaining cities, as a rule, the departments maintain the sewers with a per- 
manent corps of men and contract only for new works. 

As to the actual condition of the sewers as found by my inspection, I have to state 
that among the larger cities the cleanest works, as a whole, appeared to be those at 
Frankfort, Hamburg, and Paris. The sewers lately built in London, Liverpool, and. 
other English towns were also in a very good condition as far as they were examined. 
In Berlin the flat gradients showed considerable deposit of soft mud and fine silt^ 
readily yielding, however, to a strong flush, except m rare cases, when the accumu- 
lation of sand and grave obstructions necessitated other means. 

In Germany the cleaning is generallv done at night, especially when the man-holes' 
are in the roadway. When entered from the sides, dav cleaning is not considered 
objectionable. In Vienna, where the silt is lifted out of the sewers and carted to thei 
Danube Canal, there to be loaded into scows and removed, the cleaning is also dont 
at night. In Paris and England the sewers, as a rule, are cleaned during the day. 

y. COST OF SEWERAGE WORKS. 

The costs of various items connected with sewerage works, as #ir as they were as- 
certainable, are given in Appendix No. 1, under £, for each city. The following 
table is compiled and extended for those cities only where the information was sufiC 
oiently complete. To be rightly understood the figures must be compared with soma 
allowances on account of the dinerent conditions of each town. 
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The 7^11^/^ ofitwfrs per iuhabitant making nse of them is given as it exists at pres- 
ent. Yot \Yithout (H)me explanation it may mislead. 

The figures for London, Berlin, Liverpool, Hamburg, and Dantzic apply to areas 
irhere the sewers are complete and where practically every house is connected. Among 
these the figure for Liverpool is very high, becaiuie it includes the sewers in back pas- 
nges. which in other cities are partially represented by private house drains. Deduct- 
ing thsHe, the leugth reduces itself to one not essentially varying irom the rest. The 
«j8tem of buck drainage, although it increases the leuGrth of public sewers, greatly 
4iminiflhes the length of house sewers. The length in Frankfort is also proportion- 
ately high, but this is due to the fact that all houses on the line of the sewers have 
BOt vet been connected. It may ultimately be reduced about one-quarter. In Paris 
and Vienna the systems are not yet complete. The length per iuhabitant is, therefore, 
odaII. After making these allowances it will be noticed that the length of sewers per 
inhAbitaut varies from 1.71 in Dantzic to 2.86 in London. 

1. Cost of construction, 

A ereat uniformity is visible in the price per foot of all the works, and what- 
fTCT deviations there are from the general average may be readily explained. Paris 
fiTes the highest figure, $9.02 per foot, which is diie not only to the Large sizes 
if the sewers, but also to the more costly shape and constrnctiou. Dantzic, on the 
«therhund, gives the least figure, and this is due to the fact that much of the rain- 
witer does not enter the sewers, but flows oil' <m the surface into the numerous water- 
WQitM intersecting the city, thereby permitting of smaller sizes than would other- 
liie be necessary. Liverpcwl, likewise, shows a suuiU figure, because about three 
hmulred and fift^ miles of small back drains are included, which in other cities belong 
to the house drains proper, and are paid for privately. Calculating their cost at $S 
per foot and deducting them, the average cost of the remaining sewers would increase 
to 16.50 per foot, which is quite near to the general average. 

The remaining cities show little diflference. They are smiilarly sewered with the 
combiiied system, and the cost varies only from $5.(>8 to ^.10 per loot. 

When reducing the cost of construction per inhabitant using the sewers, the results 
ire also interesting. Confining ourselves to those cities where practically all proper- 
ties are connected, such as London, System III of Berlin, Liverx>ool, Hamburg, and 
Baotzic, we find that in London, Berlin, and Hamburg, where sewers are similarly 
poportioned and designed, the expense varies only from $11.25 to $1(5 per inhabitant. 
In Dantzic, again, with its small sewers not can'yin^ much rain-water, the cost has 
wly been $6.25 per inhabitant, whereas in Liverpool it reaches about lJ19. If we also, 
it this place, make allowance for the back drainage, the cost is reduced to $13.60 per 
inhabitant. The high figure for Frankfort is, again, due to the circumstance that 
■ot all of the properties along the line of sewers are connected. When this is done 
the cost will be about $16.58 per inhabitant. 

2. Cost of maintenance. 

Paris, as might be expected from the elaborate system of llushiug and cleaning, gives 
the highest figure — namely, 13 cents per foot— for maintenance. Vienna follows with 
9.3 cents, one-third of which, howevtT, is devoted to repairs. From the many old 
tud ill-shaped sewers, the expense of keeping them in ordtT would naturally be some- 
what high. London averages 6 cents, Kad. System III of Berlin 4.'A cents, and Ham- 
harg 3.6 cents per foot, all excluding pumping. TIk* low 4-ost in the latter <'ity is due 
iomewhat to the excellent thishing farilities, in making us4' of the Alster lakes and 
canals for this purjiose. The cost of maintaining the sew«*rs of Frankfort is3..'S cents 
per foot. Here, too. the tlnshing by means of subsoil water, colb'cted and Ktore<l at 
the highest points, facilitates the cleaning. In Liverpocd. rnially. the ex])ense for 
this purpose is about '.\ cents ]>er foot, including back drains. The s<'wers have good 
crades and do not appear to need much <'leaiiiiig. Their condition, however, judging 
nom the odor arising at tin* ventilators in the higher i>arts, can hanlly be asg<x)d]i8 
in the above-mentioned cities. 

In reducing the annual cost of maintenance ])er inhabitant using the w?wers, ex- 
dadlng pumping, the results are as follows : In Loinhni the expense is about 17 cents 

Kr head; in Liverpool, 14.7 cents; in Berlin. 10.1 cents; in Hamburg, 6.(> ctMits. In 
ankfort, when all houses are connected, the figun* will be about 10 cents, judging 
finnn the present cost. In Paris the present expense for nniintaiiiing servers is 13.5 
cents. In addition to this it costs 55 cents per hviul to n'.move the night-soil. In 
Vienna the expense of cleaning sewers is 7 cents per head, and for the removing of 
aight-soil 10..') cents per head in addition. The last two cities plainly show the great 
expense of dry removal, or the economy of water carriage for large cities requiring 
for house and rain water. 
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Finally, a general Induction seems to be indicated by a comparison of the cost ol 
sewerage works. 

It appears that tbe expense of a system i>er iubabitant increases witb the sise of 
the city. This is, in fact, what might be expected, as the cost of removing other refiue 
and of sn])plying the various needs of a community to its inhabitants usoidly ahowt 
a similar increase. 

Herein lies, i>erhaps, one cause of tbe frequency of inferior draining arrangementt 
in our large cities. While in a growing city we are always willing to incieaae tlM 
pay for immediate benefits, sucb as conveniences for our daily needs, we hesitate to 
increase it for what appear to be only remote benefits, such as the removal of waste 
matter. Only as the invisible dangers of the latter become distinctly recognized can 
it be expected, that the proper proportion of money will be expended for it. 

VI. DISPOSAL OF SEWAGE. 

Whereas comparatively little has been written on the previous .subjects, there ex- 
ists a consideraole amount of literature on this one, owing mainly to the controver- 
sies that have arisen regarding it. I shall therefore merely state the conClosions to 
which the 0])inion8 of those engaged with the subject converge, and which apeieonal 
inspection of the various methods and works warrant, adding a few elucidating re* 
marks. 

I. The ex]>ectations entertained for a long time that town sewage could be con- 
verted into a valuable manure, which would not only pay for the conversion but ren- 
der it profitable besides, have been given up, save b^v a few parties interested inpat- 
ent processes. The general opinion held at present is that sewage must, beyona all 
other considerations, be disposed of in a way which is least injurious to the commu- 
nity, that a jieouniary profit cannot be looked for in every case, and that essential 
difierences in topographical, jthysifal, and geological conditions will require essen- 
tially different modes of treatment. 

II. When sewage can be safely discharged into a large rivei^or the sea. this will 
generally be the most satisfactory and economical mode of disposing of it. This 
method is practised in London, Vienna, Liverpool, Hamburg, and a largo number of 
sea-coast towns, without presenting any objectionable features, care being taken that 
the sewage is not brought back to the towns by currents or winds. For tidal rivers 
it will be necessary to discharge it only at high tides and after, storing it during re- 
turning tide. Along the sea-coast it must be carried to a sufficient distance, so that 
the same end may be att^iined. Sea water oft'ers greater difiicnlties in this respect 
than fresh water, as the sewage does not mingle with it as rapidly, floats on the sur- 
face for a long time, and is not as readily oxidized. 

HI. When sewage must be purified before it is discharged into a stream, the most 
satisfactory method is by means of irrigation^ provided a sulRcieut amount of suitable 
territory and soil can be had at the price of good fanning country. 

The best examples of irrigation were found in I5edfor<l, Doncaster, Croydon, Wrex- 
ham, and Leamington, in England ; Dantzic and Berlin, in Germany, and in Gen- 
nevilliers, below Paris. The effluent was generally clear and in no way objectiona- 
ble. 

The soil for irrigation must be loamy, san<ly, and porons. It must be deep-drained^ 
and in such a manner that the sewage cannot reach the drains directly from the car- 
riers. The quantity of land necessary varies with the soil, the season) and the crops, 
being one acre for one hundred to four hundre<l persons. A sewage farm requires not 
only much more attention than an ordinary one, but a considerable amount of skllL 
The most successful examples were those which received an intelligent supervision 
by specialists. The increased expenditure incnrred through a sewage farm, however, 
can generally be covered in such cases by a greater abundance and better (|uality of 
the crops as compared with ordinary farms, especially when the soil in both cases is 
sandy. 

IV! When sufficient land cannot be had for irrigation, on account of expense, &c., 
or during the winter mouths, when vegetation cannot absorb the we wage, /(//ra/ion 19 
sufficientlj' f^fiective to purify it. During the winter it may be constantly applied; 
during the summer it should* be intermittent. Examples are Umml at Kendal, Mer- 
thyr-Tydvil, and Abingdon, in England, and in the winter l)asins at IJerlin. 

The ground for this purpose must be a free soil, and the areas Irvel, to allow the 
sewage to stand and gradually soak away. lb-re too, the eutir*' gronn<l must be deep- 
drained. The eftiuent observed at Kendal and Abingdon in snnnner was clear, taste- 
lees, and without odor. In Berlin during I)e<*eniber the elliuent from the winter ba- 
sins, in which the sewage was standing eightei'U inches de^'p, was clear, but retained 
a strong otlor. The amount of land used thr filtratitiu is one acre for four hundred to 
eight hundred persons. 

Irrigati<m and filtnition are frequently combined for the same town, and this is es- 
pecially advantageous where the winter climate is severe. 
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y. Where land is not suitable for irrigation or filtration, or where none can be had 
on iccount of topofn^phical conditions or expense, sewage can be purified by means 
^jncipitation with «9ulphato of alumina or milk of lime, with subsequent filtration on 
iTery small area, through prepared basins if possible. 

E^i^land is the only country which furnishes examples of this method, the best of 
ildeh are at Coventry, where the precipitant is sulphate of alumina, copperas, and 
Bus, at Bradford, where it is lime alone, and at Aylesbury, where it is sulphate of 
ifamuna, clay, and charcoal, with a trace of blood. (ABC process.) 

The effluents in each case are tolerably pure. The precipitate, or sludge, varies in 
nlae according to the chemicals employed. Lime gives it the least value, the Brad- 
fad sladge being given away to the neighboring farmers, who cannot even use it all. 
Sulphate of aluiuina is richer, yet at Coventry it does not command a ready sale. 
The Aylesbury sludge, owing to the large amount of animal charcoal added to it, has 
Ihe greatest value, but it is at the same time the most expensive to produce. The 
apense of the precipitation varies with the particular method, the locality, and the 
dmee of purity to be attained. — (See Robinson, "Sewage Disposal," London, 1880.) 
YL It may finally be said that an absolute standard of purity for the effluent should 
Mt be given, but tnat its degree should depend on local conditions, on the size of the 
wver, on the use to which its water is thereafter to be put, and on the distance from 
the next town. In many cases it will even suffice to purify only a ])ortion of the en- 
tin sewage of a town, the rest not being considered objectionable m the river. Al- 
though the cost of sewage purification is greatly modified by local conditions, it will 
he found in general to increase as land becomes less available or in the order given 
ihore. As tiie expense of land near a city generally increases in proportion to the size 
d the latter, the cost of purification per head of population will, catena paribus, bo 
■on expensive for large towns than for small ones. 
Bespectfully submitted. 

RLT>OLPH HERING, 

Civil and Sanitary Engineer, 

APPENDIX NO. 1. 
Mular arrangement of data relating to the sewerage works of eleven European cities, 

SCHEDULE OF HEADINGS FOR EACH CITT. 

A— Statistics of locality. 

1. Population. 

2. Area. 

3. Number of dwellings. 

4. Water supply. 

5. Mortality. 

6. Meteorological. 

7. Topographical. 

8. Physical. 

9. Geological. 

^—Management of public works. 

^^-^ Design and construction of sewerage works : 

I. General system and alignment. 
U. In streets, etc. 

1. Shape and size of sewers. 

2. Depths and grades. 

3. Junctions, connections, overflows, and outfalls. 

4. Ventilations. 

5. Man and lamp holes, and flushing shatXs. 

6. Gullies. 

7. Pumping stations. 

8. Miscellaneous structures. 

9. Materials and construction. 
10. Statistics. 

*Il. In houses. 

iV. Disposal of sewerage. 

•-■^Maintenance of sewerage works. 

1. Appliances. 

2. Method, 
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E. — Cost of sewerage works. 

1. Management and maintenance. 

2. Construction. 

CrriBS : London, Paris, Berlin^ Vienna, Liverpool, Hamburg, Frankfort-on-the-Maii, 

Dantzic, Brighton, Oxford, Amsterdam. 



LONDON. 
A. —Statistics of Locality. 

1. Population, 

Drainage and water-supply district, 4,343,400. Average density, 55.6; yariee £NNi 
42 to 174 per acre. 

2. Area of metropolis . 

122 square mile8=78,080 acres. Greatest length, 14 miles ; greatest width, 8 miles. 

3. I^umher of dwellings. 

In drainage district, 585,0(K). Number of inhabitants per house, average, 7.4. 

4. Water supply. 

OaXlons. 
From rivers Lea, Thames, and chalk wells per day 146, 800, OOO 



From chalk wells, per day 9, 140, OOO 

From river Lea, per day 61, d89, OOO 

From river Thames, per day 74, 614, OOO 

145. 743, OOO 

81 per cent, used for dwellings ; 19 per cent, for streets, fountains, &c. Average, 
32.7 gallons per head. All river water is liltered. 

5. Mortality, 



1840-1849 2r).l 

1860-1869 24.3 



18r>tM859 24.1 

1870-1879 23.0 



6. Meteorologkal. 
Temperature : 

FahrenhriL 

Thirty years moan annual 49.4 

Mean monthly maximum 72.3 

Mean monthly minimum ^,7 

Maximum seldom above 80^, though it has rearhod 94"^. 

Minimum seldom below 15°, thouj^h it has rcacbt'd — 5^. 

Mean daily range, 16.9 f moan monthly range, 36.8 Fahrenheit. 

Frost peuetrates soil to a maximiini of 2 feet. 

Rain, annual, from 18 inches to 30 inches. 

Thirty years' mean, 24.4 inches. 

Number of rainy days per year, 170. 

Mean humidity, 81. 

Rain storms, maximum : 

Inches p€T minvl^ 

1846, August, 3''.3 fell in 140»« : 2" in 30 minutes 067 

1852, July, 0".5 in 15™ 033 

1857, October, 2".92in36»'" 0013 

1874, May, 0".34 in a"" 043 

1874, June, 0' hr« .9(; in 30™ 032 

1874, Julv, 2''.23 in 84" 027 

1878, June 2:3, 3".00 (nearly) in 90'" 033 

1878, April 10 and 11, 2''.64 in 19^", maximum in 90"'. 

1880, July 14, 0''.36 in 12«n 030 
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7. Topographical. 

Situate on both banks of the Thames forty miles above its mouth. Largest area is 
on the northern bank, where the snrface is above floods, slightly undulating and ris- 
ing toward two prominent elevations (Highgate and Hauipstead) near the northern 
municipal boundary. Southern bank is low, with districts below ordinary high wat4^r, 
gradually extending to high and hilly grounds near the southern boundary. Old 
water-courses of creeks are either sewered or kept free from pollution, such as the creek 
flowing through the ** Serpentine." City datum : 12.50 feet below Trinity hich-water 
mark. Average tide in Thames, 18 feet. At Barking and Crossness outfalls mean 
low water is — 7.6: mean high water is -I- 10.72. 

Extreme tides : 

1874, March 20 high water -f 16.50 

1874, April 18. high water -f 16.00 

1874, October 21 low water —10.00 

1875, November 15 high water -f 10.83 

1877, January 2 high water -f 16.50 

1877, JanuarvIU high water -f 16.00 

1877, Octobers high water -f 16.00 

■ 8. PhysicaL 

Greater part of metropolis is closely built up, especialljr older portions of the cen- 
ter, north and south of nver. West and northwest contain many open areas, parks, 
and gardens. Total length of streets is 2,r)(X) miles, of which 

f,:i3d miles are paved with macadam and x)artially granite blocks, 
274 miles entirely with granite blocks, 
23 miles with asi)halt, and 
15 miles with wooden blocks. 

9. Geological. 

The metropolis is underlaid by chalk, cropping out near Lewisham and Deptford. 
Above it are beds of pebbles, sands, clays, an<l loams (Lower Loudon tertiaries) of 
Tarying thickness, more or less permeable and furnishing water supply. Outcrops 
are in the Isle of Dogs, Stratford, Dniwich, Peckbaui, Green wioh, and Woolwich. 
Above them is Loudon clay, which un<lerlies in varying thickness the greater part of 
London, and comes to surface in northern an<l southern parts. On this lies the valley 
drift, consisting of brick-earth, gravel, and sand. It forms the surface of a large part 
of the metropolis, and carries much water, which sup])liesall shallow wells. A small 
portion is built on alluvium, covering the former ; and a few small districts are, more 
or less, built on made ground. 

B. — Maxagemext of Public Works. 

They are in charge of a Metropolitan Hoard of Works an elected body of forty-five 
members, each serving three years. The metropolis is divided into vestries^ larger 
ones sending one representative and some two, smaller ones combining into districtSf 
with one repres<"ntative. The boanl is thus formed of representatives from twenty- 
four ve^ries aud fifteen districts. Chairnmn is elected from their number. Duties 
consist in supervising all main ]niblic works, among which is the main drainage sys- 
tem in design, construction, and maintenance. Board levies rates and borrows money 
for their pur])os«\ All main sewers are both designe^l and built by the boa'-d. Ordi- 
nary sewi^rs in each vestry aud district are built by diatrict boards, which have each 
an engineer and surveyor, with necessary cor^)s of assistants. But all their plans 
must previously be submitted to the Metropolitan Board for approval. Permanent 
staff of Metropiditaii Board of Public Works, engineer's department : 

Main office : 

1 engineer in chief. 

2 assistants to chief. 
1 prin(.'ii)al clerk. 

16 engineers and draughtsmen. 
Flnshing statf: 
5 inspectors. 
8 clerks. 
18 gangers. 
107 flushers. 

36 sluice and flap keepers, mechanics, and laborers. 
Pumping stations and outfall : 
4 superintendents. 
126 mechanics and laborers. 
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C. — Design and Construction of Sewerage Works. 

1. GENERAL SYSTEM AND ALIGNMENT. 

Combined water-carriage with interception of sewage and slight portion of raiu, at 
several levels, discharging it t<?n miles below city into the Thanics nt outgoing tides. 
The valley-line sewers, mostly old, receive excels of storm-water either director from 
overflows, and discharge by shortest line to the ri ver. The Thames divides tho system 
into two independent parts. 

In the north there are three main intercepting sewers; The high, mid, and low 
level, and a few lateral branches, with tinal outfall at Barlving. The high-level sewer 
begins south of Highgate, extends eastwardly to the valley of Hackney Brook, Jind 
crosses Victoria Park to Old Ford. The mid level begins near Harrow Road, passes 
ander Paddington Canal, follows IJxbridge Road, Oxford street, Old street, Victoria 
Park, and joins the high level at Old Ford. These two sewers intersect all sewage 
that can flow into the Thames by gravity. A branch from the elevated grounds at 
Piccadilly joins the nud level. From Old Ford to Barking the two sewers are united 
in one embankment, built for them on account of the low grounds, and form the 
northern outfall sewer. At Barking a reservoir of 9^ acres, and 6,7(K),0(X) cubic feet 
capacity, collects and hohls all the sewage during incoming tides. The low-level sewer 
begins at Pimlico, runs under the Thames embauKment to Blackfriars, thence to Tower 
Hill and Abbey Mills, where its contents are raised 36 feet by steam-power, and dis> 
charged into the outfall sewer just mentioned. Several branches are connected with 
the low-level sewer, as follows : The Hackney, from the low grounds near the river 
Lea and the Isle of Dogs branch, both of which discharge into the low level at Brom- 
ley; also, the western low level, with branches from Acton, Chiswick, and Fulham, 
joining the main low level at Pimlico, into which its contents are discharge<l, after 
being lifted 17^ feet. South of the Thames there is a high-level and a low-level in- 
tercepting sewer, with final outfall at Crossness. The high level is formed of branches 
from the Crystal Palace, Upper Norwood, and Balham Hill, skirting the higher 
grounds and uniting at Deptford, and then continues its course to Cn>ssnes8 as the 
southern outfall sewer, where the sewage is raised 10 to 30 feet high into a reservoir, 
from which it is discharged during out* going tides. The low-level sewers, one be- 
l^nning at Putney and the other at Bermondsey, unite at Deptford, where their sewage 
18 pumped 18 feet into the outfall sewer just mentioned. When crossing these inter- 
cepting sewers, the old valley-line sewers are connected with them to take the storm- 
water overflow and lead it directly into the river. At present several extensive over- 
flow sewers are being built in addition in various sections. The daily amount of 
sewage intercepted by the main drainage works is about 10,000,000 cubic feet north 
and about 4,000,000 cubic feet south of the Thames. The united capacity is 63,000,000 
cubic feet, including a rainfall of i inch in 2A hours. The system was designed by 
Sir J. W. l5azalgette. 

II. IN STREETS, ETC. 

1. Shape and size oj sewers, 

London exhibits a greater variety of shape in its sewers than any other city, repre* 
senting as it does the ideas of se\ eral centuries. At present the following forms are 
used : Circular, for i)ipe sewers, which rarely exceed 18 inches diameter, and for cer- 
tain intercepting sewers. The egg-shape is common for all brick and concrete sew- 
ers, except those for interception and storm- wat^r. The oval form, having a larger 
invert radius, is used when a comparatively great ordinary flow is to be removed. 
Other forms, such as flat or slightly curved inverts, or railway tuunel sections, &c., 
are used for special purposes. 

The sizes of sewers are partially calculated by formula*, partiallv determined by 
other considerations. When j»roviding for storm-water, Hawksley^s formula is gen- 
erally used. If A = acres drained and N = length in feet in which the sewer falls one 
foot, the log. diameter in 

3 log. A -f log. N -f 6.8 

inches = , assuming a rainfall of 1 inch per hour. 

10 

When calculating the rain-water reaching sewers to be ^ inch in 24 hours plus tho 
sewaj^e, which is done lor the main drainage system, then Eytelwein's formula is 
used in the form : 



^ / 



Vel. in feet per sec. = — /\/ mean hvdr. depth X twice the fall in feet per mile. 

10 

The amount of sewage calculated is one-half of daily amount, assumed at 34 gal- 
lons per head, therefore 17 gallons, to flow otf in 6 hours. 
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Ihd smallefit sewers ased are 9-incli pipes^ bnt generally not less than 12 inches, in 
diameter. The smallest brick or concrete sewers are 2 feet by 1 foot 3 inches. In 
the City of London the ordinary sewers are usually of brick, 4 leet 6 inches by 3 feet, 
and 4 feet by 2 feet 6 inches, with a terra-cotta invert block of 10 and 12 inches ra- 
dius. The northern high-level sewer ranges from 4 feet diameter to 9 feet 6 inches 
Vt^ feet; the raid-level from 4 feet 6 inches by 3 feet to 12 feet by 9 feet 6 inches; 
tbe low-level from 6 feet 9 inches diameter to 10 feet 3 inches diameter. The southern 
Ufh-level sewer ranees from 4 feet 6 inches diameter to 10 feet 6 inches diameter. 
The northern outfall has 3 sewers, each 9 feet by 9 feet, side by side. The southern 
«utfaU is Hi feet diameter. 

2. Depth and grades. 

The depth of ordinary sewers below the street surface is from 12 to 15 feet. Cellars 

Hid basements are from 5 to 10 feet deep, and, if deeper, sewage must be raised into 

ike sewer by the private parties. When a sewer for purpose of grade is over 16 feet 

deep, a second one is built above it, to receive house connections. Grades for sewers 

' $n nsnally limited to give a minimum velocity of 18 inches per second. Grades of 

lorthem high level 1:71, then 1: 376, finally 1: 1100 

Jorthem mid level 1: 300 to 1: 2640 

Borthem low level 1: 1760 tol: 2640 

Xorihem outfall, 1,2640 (invert at outlet is 18 inches below high water). 

Mithem high level 1: 176 tol: 2266 

floothemmid level 1: 100 to 1: 2266 

«withem low level 1: 1320 to 1:2640 

«withem outfall 1:2640 

3. JunctUms, connectionSf overfloiva, outfalls . 

Jnnotions of sewers are generally made by easy curves, but there is no nniformity 
in the details. They are generally covered by a funnel arch, and have a tongue be- 
tveen the sewers. The chamber has a ventilator to the surface. House connections 
to aewers are made at an angle, either by blocks or slant pipes set into the brick- 
irork. They are generally placed into the sewers when built. Overflows vary in design, 
and are generally placed at three-fourths of height of sewer. The mouth is wide, 
to take the water freely, and is then reduced to a circular or egg-shaped channel. 
Oatfalls of main drainage sewers are at Crossness and Barking. At the latter sew- 
age discharges by gravity. It is stored in covered reservoirs of 9i acres, and dis- 
enarged only during outgoing tides. At Crossness the sewage is pumped into reser- 
ToLra of 6i acres, from wnich it is discharged also during outgoing tides. 

# 

4. Ventilation. 

Sewers are ventilated by frequent openings into the street, generally by special 
ahalte 6 inches, 8 inches, 10 inches, or 12 inches in diameter, terminating in the side 
of a basin, which is covered by an open grating. Man-holes are also often ventilating. 
Tentilation through soil-pipes is not generally indorsed, a disconnecting man-hole 
"between sewer and house with an open grate being preferred. Formerly the furnaces 
and stacks at pumping-stations were made use offer ventilation ; but this is now aban- 
doned, as it checks the draft, and is not efficient except for a short length of sewer. 
The odor in the old London sewers is very strong as a rule ; in the newer ones it is 
■inch less so. In a concrete sewer at CamberwelT, built thirteen years ago, in which 
the sides are smooth and clean and the sewage was running swiftly, there was a 
■earcely perceptible odor six or seven days after the flushing. The odor at the pump- 
ins-stations is very slight, if at all noticeable, and is never objectionable. It is greatest 
wfisQ sewage runs very low — greater in dry than in wet weather, greater on Sundays 
than in the week. A very strong smell is always found at the screens where the float- 
ing solids are taken out ; but the men who have been engaged at this work for many 
yean remain quite healthy. 

5. Man and lamp holes and flushing shafts. 

Han-holes are mostly built with side entrances, especially in the central portion 
of the metropolis, having either vertical shafts or steps. When in the street, they 
are circular, and usually 2i to 3 feet in diameter, covered with a grating, partially 
open and partiallv with inserted blocks of wood to deaden the noise of passing wheels. 
llie entrances, when on the sidewalk, are closed by a tight-fitting cover, which, when 
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the man-hole is in nse, remains raised up, and the opening is protected by an addi- 
tional grate. The uew niaD-holes for pipe-sewers are without a ** drop" orbasiu, the 
pipe being carried through it, with a slightly increased full, in semicircular sections, 
either straight or curved. Lamp-holes are 6 iucht^s to 12 inches in diaiueter, and are occa- 
sionally used on pipe-sewers at bends. When ventilation is required a'small basiu to 
catch the street dirt is placed beside the shaft of the man or lamp hole, and through 
this the air passes out. It is about 9 by 18 inches, and is covered by an open grate, 
while the man-hole cover has no openings. Special shafts for Hushing are sometimes 
placed at the upper ends of the pipe-sewers, and resemble the lamp-holes, but have a 
basin at the bottom to hold at least a cubic yard of water. Restiug places for work- 
men are occasionally built on small sewers, feet high and 6 feet long. They are 
ventilated. 

6. Guinea. 

The gullies are commonly placed under the gutter, the inlet being covered by a 
grating IG by IS inches, hinged. They are ccenerally 4 feet deep and have almost al- 
ways a catch-pit and a trap. The pipe leading to the sewer is 6 inches or 9 inchea 
diameter. The trap is formed sometimes by a Hag-stone 3 inches thick, let down from 
the top and sometimes by the outlet-pipe itself. The seal is about 12 inches. The 
grating has bars 1^ by 4 inches deep, with spaces of 1^ inches. They are not located 
at the street corners, but in the blocks, generally 200 to 300 feet apart. Some inlet- 
basins are of iron 22 by 21 inches and 3 leet below the grating. There are a few inlets 
which lead directly into the sewer without trap or basin, by 9-inch terra-cotta i)ipep. 

7. Pumping'Stations, 

London has four large pumping-stations. They are at Deptford and Crossness on 
the southern side, and at rimbco and Abbey Mills on the northern side of the Thames. 
The Deptford station is the oldest, having been in use 17 years. The sewage is raised 
18 feet from the southern low-level sewer into the outfall. The inlet is a twin sew©r» 
eaclr7 feet in diameter. The ordinary depth of water in them is 4 feet. There are 4 
engines, each 125 horse-power. Amount of sewage which can be raised is 13,7Sd 
cubic feet per minute. The Crossness station is situated at the southern outfall. 
The sewage is raised from 10 to 30 feet either directly into the Thames or into storag^e 
reservoirs, of which there are 4, each holding 6,000,000 gallons, and covering togetliez* 
6i acres. The tide runs out 7 hours. Gates are left open 1 hour before to 4 houxs- 
after high tide. There are 4 engines, each 125 horse-power, driving 32 pumps and 
lifting ordinarily 100,400 gallons per minute. Diameter ofj)umps, 4^ leet. Four 
have a stroke of 4 feet, and four have a stroke of 2 feet. The works are being ex- 
tended. Amount of sewage which can be raised per minute is 17^028 cubic feet. The 
Abbey Mills station is situated on the line of the northern high level, where the 
sewage from the northern low level is pumped into it 36 feet high. The diameter of 
the inlet sewer is 10 feet 3 inches. There are 8 engines, each 142 horse-power, driving 
16 double-acting pumps, raising ordinarily 96,000 gallons per minute. The amount 
of sewage which can be raised per minute is 15,000 cubic feet. The western piirap- 
ing-station (Pimlico) is the most recently built. Here the sewage from west of 
Chelsea is raised into the northern low-level sewer. The inlet is 6 feet 9 inches di- 
ameter, with an ordinary depth of sewage of 3 feet. The left is 17.8 feet ( — 19 to 
— 1.20 Delow datum). During heavy storms the sewage is pumped into the Thames. 
There are 4 engines, each 90 horse-power, with a supplementary engine 120 horse- 
power. The engines drive 2 pumps each, of 5 feet 3^ inches diameter and 4 feet 
stroke. Six thousand cubic feet of sewage can be raised per minute. In 1878 the 
engines at work, representing 2,620 nominal horse-x)ower, consumed about 23,340 tons 
of coal. 

8. MiscellaneoM, 



9. Materials and construction. 

Materials used for sewers are brick, concrete, and terra-cotta pipe. Bricks are of 
the best stocks: the inverts are often built of or lined with Staftordshire blue bricks. 
Wed^e-shaped uricks are generally used in small sowers. The arches of sewers up to 
and including 2 feet diameter have a thickness of half-bricks (44- inches); invert 
masonry is always 9 inches thick. The inner surface of lately-built brict sewers 
presents a very even and smooth appearance. Concrete is preferred where not too 
expensive. Portland cement is used for it in proportions of 1 : 4 to 6 of Thames bal- 
last (gravel and sand mixed); and allowed to set one week before centers of large 
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sewers (6 by 4 feet) are drawn. Concrete sewers many years old presented a perfect 
conditiou with very little adhesion of sewage particles, and very little odor. Some- 
times concrete sewers are lined with a 4^inch ring of brick. Pipe-sewers are very 
carefully laid ; when ground is at all uncertain they are laid in a bed of concrete 6 
inches thick all around the lower half. Stanford's patent joint is frequently nsed. 
F- Mortar is made of Portland cement and a sharp, washed sand in proportions of 1:1 
[• and 1 : 3, the former for inverts, the latter for arches. A yearly contract is given out 
^ for all work under £500. For larger amounts special specifications and contracts are 
made. All work is usually given out for a certain sum, with prices attached for 
^ Tariations of original quantities. 

Before 184G no sewers were egg-shaped, none were built of vitrified pipe, and none 
of half-bricks. 

10. Statistics, 

Lndgate Hill sewer was built before the year 1668 

Fleet street sewer was built in 1668 

First surveyor for London was appointed in 1768 

Length of sewers : 

Up to 1855, inclusive miles.. 1, 14G 

Up to 1856-1877, inclusive : 

Main drainage 82 

District sewers 857 

Reconstructed sewers 56 

995 

1878 to 1880, inclusive miles.. 135 

Total length of sewers miles. . 2, 276^ 

Of which 550 miles are of vitrified pipe. 
Intercepting sewers : 

Northern high level, length miles. . 7^ 

Area drained square miles. . 10 

Northern mid level, length miles. . 9^ 

Piccadilly branch, length miles.. 2f 

Area drained square miles. . 17$ 

Northern low level, length miles.. 8^ 

Hackney branch, length miles. . 2^ 

Isle of Dogs branch, length miles. . l| 

Area drained square miles. . 11 

Western extremity of northern low level, length miles . . 5^ 

Fulmau branch, length miles.. l-J 

Acton branch, longtn miles. . If 

Area drained square miles. . 12^ 

Northern outfall sewer, length miles. . 5^ 

Southern high level, length miles. . 5f 

Effra branches, length miles. . 7^ 

Area drained square miles. . 20 

Southern low level, length miles. . 9^ 

Bermondsey branch, length miles. . 2|- 

Greenwich and Deptford, length miles. . l| 

Area drained square miles.. 20 

Southern outfall sewer miles. . 7^ 

Area drained, additional square miles.. 2 

Daily amount of sewage discharged into Thames from both outfalls, 17,600,000 cabio 
feet. 

Deptford pumping-station was opened 1864. 
Crossness pumping-station was opened April 4, 1865. 
Abbey Mills pumping-station was opened July 30, 1868. 
Western (Pimlico) pumping-station was opened August 5, 1875. 
Number of gullies in 1878, was 67,491. 

lU. IN HOUSES. 

No uniform system or regulations. The majority of houses (the older ones) are said 
to be improperl V drained or connected with sewers. Lately plans are being submitted 
to the vestries for approval showing lines of pipes, closets, sinks, &c., on a scale of 8 
feet to 1 inch. 

Inspection shafts, disconnecting chambers, or man-holes are preferred between the 
lioase and street sewerage, so that no gases from the latter can enter the house pipes. 
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These are usually outside of walls, especially the soil-pipe. Water-closets are said 
be in every house, and cess-pools entirely abolished. Each receptacle of sewage i 
trapped. The following principles are recommeuded by authorities : 

Pipes shall be of iron with leaded ioints or of glazed stoneware, with sooket-jointt 
fillea by cement. Neither shall be less than 4 inches diameter. Grade, if possible, 
1:20 never less than 1:40. Drains are never to be under buildings unless embedded in 
concrete 6 inches all round and ventilated at each end. All branches must join ob- 
liquely in direction of flow. Every inlet is to be trapped, and every pipe trapped 
near as possible to sewer. Two untrapped openings for ventilation, to be as far 
possible apart, one near the ground, and the other, not less than 4 inches diameter, 
carried up at least 10 feet above ground or building. Soil-pipe to be carried up out- 
side of building full size beyond the roof. No container or D-trap should be used. 
Waste-pipes, except from slop-sink, must not be connected with soil-pipe or pass to 
the dram, except tirst through a gully outside the building, and which is trapped! 
against and disconnected with the sewer. It is to have an open grate or be specially 
ventilated. No drain connected with any cess-pool should be connected with anyj 
pipe leading to sewer. 

rV. DISPOSAL OF SEWAGE. 

The metropolitan sewage is discharged into the Thames at Barking and Crossness, 
10 miles below the city. It is temporarily stored in reservoirs during incoming tides. 
Velocity of water in Thames, average, 4^ inches per second. 



BarUng.. 
CrosmeM 



Reservoir, 



Aeret. 



n 



el 



QaQona. 
45, 000. 000 
24,000,000 



Diacharfce. 



t 

I 



CuhU/eet. 

11,600,000 

6,000,000 



Oubic/eeL 
28,500,000 
17, 200, 000 



D. — Maintenance of Sewerage Works. 



1. ApplianoeB. 

Sewers are cleaned generally by flushing. Old sewers with flat inverts, and new 
ones when accidental obstructions occur, are entered and cleaned with scrapers and \ 
•hovels. Pipe-sewers, when they become obstructed, are cleaned with circular 
brushes drawn through them, or by jointed hooks, which are closed when push^ in, 
and are forced open by a spring wnen drawn back. For flushing the pipe-sewers, , 
either flap- valves are used or such as work in a groove, regulated from above to dam ' 
the sewage or flushing water. Large sewers have pen-stocks inserted at necessary 
intervals. They are generally worked from above, and consist of a heavy door either 
4rawn upward or swinging to OaxQ side. The pumping stations also have pen-stocky . 
to hold tne sewage bacK temporarily or to regulate the discharge into the river or to 
the pumps. 

The gullies are cleaned regularly and often. The scoops used have a flat or semi* ■ 
oironlar bottom. 

2. Method. 

Prior to 1871 the cleaning of the main valley-line and intercepting sewers (about 
5250 miles) was done under contracts. After careful inquiry it was tnen decided to ] 
have it done bv a staff of men appointed by and under the direction and control of ' 
the board. (See B.) Ordinary sewers are maintained by the district boards and ' 
vestries. The sewers are regularly inspected at different intervalS| and flushed or 
cleaned when necessary. 

In 1878 there were taken out of sewers 723,000 cubic yards deposits. In 1878 there • 
were taken out of gullies 100,050 cubic yards silts. 

Everv year a contract is given out for repairs or new works under £500 in value. 
Special contracts are made for works over this amount. 
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E.— Cost of Sewerage Works. 

1. Management and maintenance. 

Naml)er of Total 

s department for 1870. employes. salaries. 

office 32 £12,200 

ttngstations 127 11,186 

B luid flap keepers 48 3, 493 

B of works, &c 10 1,822 

ling inspectors, foremen, and men 144 10,301 

men, &c 10 790 



39,790 

pwut 1195,000 

Coat of pumping stations for 1879. 

IBS £9,689 

1 18,204 

Mrs 8,098 

Irilaneous 2,870 



Cost of sewerage works under metropolitan hoard in 1879. 



39,041 
$191,000 



fee of inspectors, sloice and flap-keepers £4, 000 

•traction 2,200 

iirs (including hedging and ditching at Barking) 7, 215 

JBising (including wages) 14, 550 

Identals 630 

i^tion and deodorizing 350 

jttnd taxes 120 

29,065 
1142, 400 

»U1 coflt of maintaining sewerage works nnder metropolitan board, including en- 
ePs department, £80,000 = |392.000. 

Bnicipal expenses are paid out of a rate, .a tax upon real estate. It is about |3.25 
lie $100. The maintenance of all the London sewers costs about 25 cents per 
I per annum, including pumping, which is about 8 cents per head. 

2. Construction, 

iln sewers are constructed by the board and are paid for out of rate. Small sew- 
06 generally paid for by the private parties benefited, and the greater number 
ilso bnilt by them. Th^ total amount of money applied by theuoiu^i to inter- 
ing sewers and main sewers since consolidation has been £5^607,435 = $27,500,000. 

I includes 82 miles of main intercepting drainage and 58 miles of main valley-line 
OB, making 140 miles. Average cost of main drainage per mile is $280,000 ; of the 

II valley-line sewers per mile, $65,000. The cost of the western (Pimlico) pump- 
lUtion was $900,000, including ground, of which $283,000 were for boilers, pumpsy 
engines. 



PARIS. 

A.— Statistics op Locality. 

1. Population, 

1880, 2,100,000 ; average density, 96 persons to 1 acre ; the old city has as many 
13 to 1 acre ; the outer districts. Gobelins and Observatoire, 45 and 61, respect- 
r, per acre. 

2. Area. 

le of fortifications acres. . 19, 281 

■mlexence, 33,330 meters, or over miles.. 90 

4429 N B H 10 
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Greatest breadth from north to south miles.. 

Greatest breadth from east to west do ... 

Areas covered by public streets acres.. '% 

Areas covered by rivers or quays do ... 1 

Areas covered by cemeteries do ... 

Houses, parks, and gardens do ... 14 

3. DwelUnga, 

Number of private houses, 74,740^ containing 665,000 dwelling rooms and 33? 
shops and work-rooms. Number of inhabitants per house, 30.B. 

4. Water supply. 
Average per day : 

Watering and washing streets gallons.. 38,712 

Watering and sprinkling parks do 9,473 

Fountains do.... 10,70(1 

Public buildings, hospitals, &c do 11,474 

Private dwellings do 33,141 

Total do.... 93,514 

Minimum do 78,714 

Maximum do 104, 60( 

This quantity is divided up as follows : 

Yanne (spring) gallons . . 26, 414 

Dhuys (spring) do 6,605 

Ourcq (creek) do 34,33£ 

Mame (riverj do 13,90? 

Artesian wells do 184 

Seine (river) do 23,77S 

Supply not sufficient : it is desired to have do.... 132,00( 

Present average, per nead do.... 

Present average, per head of spring water (Yanne and Dhuys) . . .do . . . . 
which is intended for house supply only. 

5. Mortality, 

Mean for ten ^ears 

In Yll Arrondissement (Elys^} it is 

In XIII Arrondissement (Gobelin) and XIY (Observatoire) 

6. Meteorological, 
Temperature : 

Fohra 

Sixty years mean +8 

Hignest known temperature, August 26^ 1765 -f-l( 

Lowest known temperature, January 25, 1795 — ^1 

Mean of yearly maximum for 180 years 4-^ 

Mean of yearly minimum for 180 years 4-1 

During last 90 years average number of days in a year when the thermom- 
eter was below freezing 

During last 90 years average number of consecutive days of frost per year. 
Depth of frost : Mean, 8 inches ; maximum, 31 inches. 

Rain: 

Mean annual inches. . 

Minimum annual, in 1733 do 

Maximum annual, in 1804 do 

Average number of days per year when rain faUs is 

Mean humidity 

Maximum rain storms : In summer often | inches fall per hour. 

1860, July 16, 38 millimeters in 20 minutes = .0750 inch per minute. 

1865, May 23, 2G millimeters in 20 minutes = .0520 inch per minute. 

1866, July 16, 32 millimeters in 30 minutes = .0424 inch per minute. 

1867, September 20^ 41 millimeters in 20 minutes = .0810 inch per minute. 
1870, May 22, 26 millimeters in 60 minutes = .0172 inch per minute. 
1872, July 27, 40 millimeters in 60 minutes = .0263 inch per minute. 
1879, August 15, 16.3 millimeters in 40 minutes = .0164 inch per minute. 

FreraiUng winoB, southwet. 
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7. Ibpo^ropJUoaZ. 

kte on both banks of the Seine, 110 miles in a direct distance from its month 
^ little below its confluence with the Mame. Largest part of the city is on the 
bank. This is also more nndolating than the soathem. The highest points 
^ The Places de Montmartre. de PEtoile, da Boi de Rome, the Bnttes Chanmont, 
I fhe heights of Belleville. The south siae falls more ffradually to the riyer, with 
srerage slope of 1: 130. Altitude of the Seine at Pans is 80.5 feet above tne sea. 
lyart of the city is flooded by high water ; both shores have stone embankments 
InKh the city. Fall of river at low water when discharge was 1,695 cubic feet per 
md : for eastern extremity of Paris, 1 : 19|483 ; for center of Paris. 1 : 1,243 ; for west- 
I extremity of Paris, 1 : 14,225. Flood discharge March, 187^ (highest), was 56,500 
lie feet per second. 

8. Phyrioal, 

part of city is very closely built up, esi>eciallv toward the north and south, 
western part has broad streets, avenues, parks, &c. Length of streets, boule- 
Ac, is : with trees, 136 miles ; without, 415 miles. Area covered by streets, 
»A2. 

B.— Management of Public Works. 

Siblic works are under control of an inspector general and director, with a gen- 
ce and corps of 26 persons. The main departments, each one of which has a 
f engineer and a large corps of assistants^ are as follows : 

Areeto. — For the general design and laying out of the city, its streets, parks, 

>; also for the registry of real estate property ; also for the construction and clean- 

; of streets. Corps : 45 persons for design and registry ; 314 persons for supervision, 

iction, and maintenance. 

lAghting the city. — Corps: 50 persons for design, construction, and supervision. 

Parks and boulevards (landscape gardening). — Corps: 165 persons lor design 

I maintenance. 

1?. Water supply and sewerage, — Corps for general offices : 211 persons for design, 
ittmction, and maintenance. 
1 Water-supply : Chief engineer and corps. 

k Sewers, canals, and sewage farm : Chief engineer, consulting engineer, and corps 
' fleneral work ; especial engineer for construction and maintenance of sewers and 
mtaoil service, with corps ; si>ecial engineer for disposal of sewage and nightsoil, 
ut crops. 

r. Dramways, — For construction and service of passenser railways of the city. 
nr. Architecture, — ^For construction and maintenance ofall public buildings, 13 con- 
ting architects, 12 regular architects, 60 inspectors, &c. 

Paris Budget for 1881. 
Ordinary expenses: 

Fraaos. 

taiest on municipal debt, &c 99, 308, 308 

lloe •. 22,820,568 

blio schools 15,343,118 

iblio charities and pensions 16,202,973 

Qtribution for maintenance of army 2,944,800 

torments 1,135,308 

Public works : 

neral office 1,717,600 

ehitecture and fine arts 4, 669, 200 

iblic highways 22,312,050 

omenados and lighting 8, 901, 980 

Ater and sewer department 11, 446, 460 

49,047,290 

her expenses 22, 893, 088 

Total 229,695,453 

Extraordinary expenses : 

w streets and pavements 2, 480, 000 

w buildings 3,960,000 

her expenses 4, 040, 000 

Grand total francs.. 237,295,453 

or.. 147,479,091 
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C. —Design axd Construction op Sewerage Works. 

I. GENERAL SYSTEM AND ALIGNMENT. 



Transitional state at present. Pour-fifths of all excrementitious matter is collected 
in water-tight vaults (fosses fixes) or in movable casks (fosses mobiles) and is p^ 
odioally removed to a distant locality. The remaining quantity, which is increaaio^ 
is collected in casks (fosses filtres) which retain solids but permit liquids to escaps 
and flow into sewers. They are exchanged at less frequent intervals and their con* 
tents disposed of in a similar way. All waste water from houses and streets, together 
with rain, are carried into a system of sewers. Its extent, as a uniform system 
throughout, excels that of any other city. Paris is divided into three main draina^l 
areas, from which the sewage is carried entirely out of the city, and each one of which}, 
has a main collecting or intercepting sewer (collecteur gdn^ral). The northeasteml 
area is drained by the Collecteur du Nord, which begins near the Pere la Chaise cemki 
etery, passes the Buttes Chaumout and Montniartre, and terminates iu two lirancheii 3 
one at St. Ouen and one at St. Denis. At St. Oueii it lias an clovatiou which penniti ; 
the sewage to flow across the Seine and to the irrigation fields at Gennevilliers hj ' 
gravity. The central aud main area is drained by the Collecteur d* Asni^res, whict , 
Begins at the arsenal in the east of Paris, follows the right bank of the Seine to thl 
Place de la Concorde, and then crosses through the city to Clichy, where its contenti^ 
are now partially (and will be entirely) pumped with a head ol thirty feet throaA4 
cast-iron mains to the irrigation fields between Asni^res and Gennevilliers. Toft ' 
southern area, consisting of the entire city south of the Seine and the eastern end of: 
the city north of it, is drained by the Collecteur de la Bi^vre, wliich begins back oC 
the Jardin desPlantis, follows the left bank of the river to the Pont de TAlma, crosaei 
it there by an inverted siphon, and joining the Collecteur d'Asui^res at Levalloii-' 
Perret, discharges at Clichy, respectively on the irrigation fields. Besides these main, 
collectors there are about sixteen secondary ones discharging into them. The rs* 
maining are the *' ordinary'' sewers. In all streets above &,b feet in breadth double 
lines of sewers are built, one under each sidewalk, and in narrower streets they am 
built in the center. The onlinary sewers follow the valley lines as much as possible^ 
and are all large enough to be walked through. No x^ip^ sewers are used. The en* 
tire system was designed by M. Belgrand. 

U. IN STREETS, ETC. 

1. Shape and 9ize of sewers. 

The smaller or ordinary sewers have a shape approaching the oval, but with a flttl^ 
egmental invert, varying from 16 to 24 inches in width. The larger sewers or col-#. 
sectors have a banquette on one or both of the sides of the invert (cunette) hlA 
lenough to be above the ordinary flow and broad enough to be walked upon. T^\ 
main collectors have an invert about 11 feet wide and 4^ feet deep, in which speoially 
constructed cleaning boats (bateaux vannes) are floated. The secondary ccMlecton 
have inverts 47^ inche-s wide and 31 inches deep, with iron rails at their edges upct 
which the cleaning-trucks are run. The arches of the sewers covering the invecf 
(cunette) and banquettes are semi-circular. All sewers are built larse enough ftc 
men to walk uprieht in them, even the house branches, which extend to the poiot 
where the vertical soil and other pipes descend. Pipes for the water-supplv, pnea- 
matic tubes, and telegraph wires are inside of the sewer and attached to the aroL 
The sizes are divided into various t^ies numbered from 1 to 14 for the sewers, aaA 
from 1 to 3 for the house branches. The main dimensions are as follows, all in ms* 
ters. 

Sewers. 



Kamber of type. 


1 

r 


Width at 
spring. 


Sectional area. 


1 


4.40 
6.36 
3.90 


5.60 
5.20 


}HS?Main coUeotora wiA 


2 


8 


4.00 i iiiiij root-patns. 



4 

6. 

6. 

7. 

8. 

0. 
10. 
11. 
18. 
laa 
14. 



2.08 
3.60 
3.15 
3.65 
2.80 
2.76 
2.40 
2.30 
2.10 
2.00 
2.00 



8.70 


1 0.891 


3.00 


aee 


2.60 


7.04 


2.50 


6.29f 


2.30 


6.02 


2.00 


4.23, 


1.75 


3.241 


1.30 


2.36 


L30 


2.15S 


L05 


1.65 


.90 


L44j 



Secondary collecton 
with path and raflli 



Ordinary 8ewer8,0TaL 
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House branohea. 



Niuiib«r of type. 


• 

1 
1 


1 

m 

t 
1 


• 


Used when length is— 


1 


1.80 
1.40 
1.00 


0.90 
0.60 
0.60 


0.60 
0.40 
0.40 


Over six meters. 


2 


Between 2 and 6 meters. 


t 


Two meters or less. 







The selection of a type for a certain locality is governed by the following considera- 
tions : Wlien the grade is heavy, i. e., over 1 to 100, the types Nos. 10 to 14 are con- 
•ndered sufficient to discharge any wat«r that may ent«r them in any of the drainage 
areas. When the grades are small, the type is determined through the following 
formula, which is derived from Prony's formula : Mean radius X slope = coeflf. X 
•quare of velocity, and the assumption that the greatest quantity of rain falling in 
Paris is 1.77 inches per hour and the time to reach the sewers is three times longer 
than the duration of the rain. 

J=drainage area ; it=8ection of sewer ; r=mean radius j «=fall per 1,000, all in 
metric measure ; a==0.0239'J. 

™ ■ ■ ■ 

When storm- water overflows can bo had, proper allowance is made when using this 
ibrmula. 

2. Depth and grades. 

The depth of the ordinary sewers, unless grade demands it otherwise, is regulated 
•o that they get a covering of at least 20 inches, which brings their inverts at least 
ofeet below the surface. The depth of the invert (cunette) is at least 1 meter for 
*J* types cleaned by boats and at least 'M^ inches for those cleaned by the trucks. 
'oe ig^ade of the ordinary sewers is generally the same as that of the street ; it is often 
*Jth©x steep. The large collectors are very flat and are not self-cleaning, owing to 
™. l*4.rgo amount of silt which is washed into them from the streets. Types 1 and 3, 
• ? ?^ ^^® cleaned by boats, have a fall from .0003 to .0005. Types cleaned by the 
\ 5p*^i ng trucks can have grades as low as .0005, and as high as .005, beyond which 



^ — action is impaired. Sewers without rails that receive little water must have a 
J^^of at least .002, but can bo as steep as .05, and in short lengths even .08. It is 
J^'^fe'rred not to have a greater fall than .04. The sewers without rails are to be 
■•^^ as short as possible, so that the sediment can readily be pushed down to a sewer 
Sft* "^riicks or boats, instead of being taken out onto the street. The grades of the 
^"^eteur d'Asni^res are from .00125 to .00036; Collecteur de la Bi^vre, .001 to .00034 ; 
•JJJ^:«* on the Boulevard de Sebastopol, .00068; sewer on the Rue de Rivoli, .00066 to 
2^*>^-t ; sewer from Hotel de Ville, .000307 for nearly 4,000 feet. The ordinary grade 
*' taouse branches is 0.03. 

3. Junctions^ connections, overflotos, outfalls, 

^^^1 unctions of large sewers are not made in the English or Frankfort manner, but 

SwrK ^ rectangular chambers with cylindrical arch. The curves of the types cleaned 

Jy^^ats must have a least radius of 197 feet ; those cleaned by trucks on rails, 98 feet. 

£m?^* latter case, if this radius cannot be had, the line may be broken and a tum- 

wDiQ inserted for the truck. This is to be avoided, however, if possible. Sewers with- 

^^ i"«il8 may be joined at any angle. Whenever possible an extra fall is to be given at 

•vex^ junction, so that no backwater is caused in the smaller sewer. The grade of large 

•BVe>r8 at their junctions is also determined by the necessity of having the banquettes on 

•"f ^ame level ; the cuuette or invert will therefore drop correspondingly. \¥hen sewers 

'JJt'Oout banquettes discharge into sewers with banquettes, their inverts must be 10 

wis inches below the level of the latter. When two oval sewers join, a drop of 8 to 

^^Qches is given, if possible, to each. The highest ends of the sewers are placed as 

«**»^ below the surface as allowable. The house branches, at least 1 meter high, 

coimect with the sewers generally at right angles, which does not seem objectionable, 

'"the house sewage is usually brought to the main in terra-cotta pipes, bedded in. 
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• 

the inyert of the branch and discharged fh>m a trap-basin (cuvette. ) These pipes re* 
ceiye the house water and the fluid excrements of tne *' fosses filtres '' where these ara 
used. The branches from the sewer extend under the sidewalk and often under th^ 
houses to the back yards. Storm- water overflows are placed along the river at a feiv 
places. There are three outfalls for the Paris sewage : one at Clichy, one at St. Ouen^ 
and one at St. Denis^ all on the banks of the Seine several miles below Paris. Th^; 
outfall at St. Ouen is at an elevation to allow the sewage to run by gravity to thei 
irrigation fields of Gennevilliers. The sewage from the lower areas discharges ati: 
Cliohy at ordinary hiffh- water level, and its contents are now partially being pumpedi; 
to Asnitees. Grcnnevilliers, &c. Arrangements are being made to pump all of the sew«r 
age in the future. >. 

4. Ventilation, ^ 

The Paris sewers are ventilated through the street-bullies and the outfalls, and oo-"- 
oasionaUy through pipes terminating at roofs of buildings. No objectionable odor,^ 
arises from the gulhes into the street, nor is there much smell in the sewers, except* 
from some irregularity, which is quickly removed. The most noticeable sources of^ 
bad odor are the street-inlet branches, where the silt often lies several days before itr- 
is removed. ' 

5. Man and lamp holeSj flushing shafts. 

Man-holes (branchements de regard) are always entered on the sidewalks, through f 
side entrances to the sewer, never from the street. They are closed with a cast-iron ^^ 
cover, 2 feet 7i inches in diameter, and are descended by iron 8tei)s, fixc^ in the waUf 
every foot. The floor of the side entrance is, ordinarily, 1 foot above the invert ofj 
the sewer, and slopes toward it with a grade of 0.015. Sometimes, in larger sewen, p 
carrying much water, stone steps are built instead. The height of the passage way ^ 
is 6 feet 7 inches, its width at spring is 39 inches, at bottom, ^ inches. There are no ; 
lamp-holes or flushing-shafts. Man-holes are, generally, 164 feet apart, which is not « 
varied from, except when near a sidewalk crossing. 

6. Gullies, 

Gullies (branchements.de bouche) have side openings in the curbs, 39 inches long 
and 4 inches to 5 inches high in the center and 2 inches at the sides. The curbstonea 
are about 11 inches wide at the top, with a face batir of 1 inch. The depth of th» 
gutter at the inlet is 6 inches to 8 mchcs ; elsewhere it is from 3 inches to 6 inches. 
The water drops into a shaft, measuring 18 inches in the direction across the street* 
and narrowing at right angles to it, from 39 inches to 20 inches at 5 feet below tho 
surface. The branch to the sewer then slopes down to about 8 inches above the in— 
vert, with a width of 20 inches at the bottom, and is covered by a horizontal, semi- 
circular arch, with a span of 31i inches, joining with the arch of the sewer. Tho 
junction of the branch with the sewer is made so that the upper side is brought in 
at right angles to it, the lower one being curved with a radius of 5 feet to prevent 
the currents from meeting at right angles. The latter precaution is, however, n<^ 
required lor the largest types. In a few instances the gullies have catch-badnfl!, 
(reservoirs de sable.) Such basins are only in the suburbs and at the highest parts 
of the drainage areas. Gullies are built at no regular distance. The flatter the grade 
the more frequently they are placed. They are not located at street corners, but in 
the block. 

7. Pumping-stations, 

The pumping station is situated at Clichy, near the bridge crossing the Seine to 
Asni^res. Its capacity is gradually being extended to correspond with the extension 
of the irrigation fields. Tne present works provide for only one-sixth of the sewage. 
There are two horizontal engines, one of 250 horse-power, the other of 150 horse-power. 
The larger one works two centrifugal pumps 71 inches diameter, one lifting the sewage 
16^ feet, the other forcing it to an additional head of 20 feet. The smaller engine 
works two centrifugal pumps, 47^ inches diameter. The larger engine raises 1,040^000 

gallons per hour, in a aay of fifteen hours, at a cost of 52 cents per 1,000 gallons raised 
S feet, with coal costing $6.30 a ton. 

8. Miscellaneous structures. 

The sewage crosses from the south to the north side of the Seine by an inverted 
siphon near the Pont de TAlma. It is a double line of wrought-iron tubes each 1 meter 
diameter (39i inches), 556^ feet long, laid several meters below bottom of river. The 
head upon the siphons can be vari^ from 1.7 feet to 7.8 feet as it becomes necessary. 
No trouble has been experienced with it. 
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9. MateriaU and construction. 

fiewers are built of bowlders of a coarse, gritty sandstouo {nieulih^)^ found in neigh- 
IkoriDK diluvium. Lately, some have been built of concrete. Bricks are rarely used. 
Titrilied pipes are only used for house drainage. The meuli^e masonry, bedded at 
light angles to the inner surface, is plastered with rich Portland cement mortar to an 
Ineeedingly smooth and regular surface. The coating must have a thickness of at least 
'inch over the most projecting points of the masonry. The least thickness of coat- 
of the invert and banquettes must be H inches ; the coating of the extrados of the 
Inch must be i inch. The stones form only about 50 per cent, of the bulk of the ma- 
lionry, and are intended to act rather as stones forming a concrete than to give much, 
strength in themselves. The underground sewage carriers in Genuevilliers are butlt 
tntirely of concrete ; their strength is tested to a head of 26 feet of water. The ma- 
terial is composed of 3 parts cement to 5 parts clean gravel and 5 parts sand in volume. 
iThe concrete sewers are partially molded in the trench, and partially molded at the- 
; works and joined in the trench. The cement ordinarily used is the '^Vassy ''; tho 
[fliortar is mixed in proportions of 1 x)art cement to 3 parts sand, and 2 part-s cement 
[to 5 parts sand ; it is ot excellent quality. The sewers when built of hydraulic lime 
receive an increase in the thickness of arch and sides of ^. Below subsoil water, 
however, cement must be used iu every case. All work is given out by contract. 
Sewers of iixed dimensions are paid for by the running meter, and unforeseen qiianti- 
are paid for according to itemized prices attached to speciiicatious. The siphon 
■■ft the Pont de TAlma consists of two wronght-iron tubes 1 meter diameter, f inch 
thick, biitt-joiuted, with rivet-heads on inside, and countersunk to present an even 
[tuface. The tubes are 2 feet 6 inches apart, and are entiiely bedded in concrete 1 to 
.3 feet in thickness all around ; above low- water they are surrounded by mason- work. 
|Thecoucret.e was put iu place between sheet-piles, which still form its sides, with 
I riprap on the outside. The walls of street inlets and other appurtenances are also 
! boilt of meuU^re 1h) wlders, plastered to a smooth surface. Over the extrados of sewers 
the earth filling is generallv 40 inches ; in exceptional cases it is 20 inches in streets, 
and 5 inches on the sidewalks. 

10. Statistica. 

Area drained by main sewers acres.. 15,939 

Length of sewers in 1680: 

Main and intercepting (collecteurs) miles. . 45 

Branch (ordinaires) miles. . 348 

Total • miles.. 393 

Number of gullies .• 7, 877 

Length of gully connections, f miles. . 25^ 

Vmuber of man-holes 10,()92 

Lragth of man-hole side entrances miles.. 14^ 

Length of house connections .' miles. . 87 

Uraal length of branches to gullies or man-holes feet . . 8 to 9 

length of sewers necessary to complete the system miles . . 261 

file least grade of street gutters is 0. 005 

Hain collectors : 
CoUecteur d'Asni^res (Type No. 1) : 

Length feet.. 30,060 

Area drained square miles. . 9. 85 

CoUecteur do la Bihvvc (Type No. 3) : 

Length north yards. . 5, 096 

Length south yards . . 6, 015 

Area drained north square miles. . 8. 69 

Area drained south square miles. . 1. 74 

CoUecteur du Nord (Type No. 5) : 

Length yards.. 12,861 

Area drained square miles. . 4. 63 

Length of streets having double line of sewers miles . . 60 

Eitimate of daily amount of sewage discharged : 

AtClichy cubic yards.. 286,000 

CoUecteur dn Nord cubic yards . . 57, 5(K) 

Total cubic yards.. 343,500 



152 BEPOBT OF THE NATIONAL BOARD OF HEALTH. 

Temperature (F.) of sewage, Seine, and atmosphere compared in 1876 : 

Sewage. Seine. 

Maximum 72^.5 77^.0 

Minimum 36o.5 33^.0 

Maximum discharge at Olichy is at 11 a. m. ; minimum, at 1 a. m. 
Maximum discharge at St. Denis is at 9 a. m. ; minimum, at 11 p. m. 

lU. IN HOUSES. 

Various methods of removal are practiced. A large number of houses have 
tight cess-pools, from which the contents are removed by odorless excavate 
•taken to various establishments for utilization. 

Another method is tu collect the night-soil in movable casks (fosses nwbiles)j 
'receive solids and fluids as well, and which are exchanged at intervals vuryiu 
a few days to a few weeks. Their contents are taken to the same establishmci 

A thiiii method, the one which at present receives the indorsement of the c: 
thorities, is to receive the night-soil into movable casks which permit the liqi 
drain off {appardla diviseura or linetics filtres) and run into the sewers or cess 
The retained solids therefore need a much less frequent removal (average 24 t 
year), and are finally disposed of as before. The casks stand generally in the 
branchesorjiaHsage-ways accessible from the sewers, or, where none have been 
in vaults. The soil-pi^e leading down to them is usually of iron, sometimes of 
cotta pipe 7 inches in diameter. The other end is carried beyond the roof. The 
or rain water ie led down by another pipe (iron or terra-cotta) not passing tl 
the cask, but running into a terra-cotta pipe 8 inches diameter, along the bot. 
the house branch to the sewer, with a grade of 1:33, and has a basin or runniD 
(cuvette) at the point of its discharge into the sewer. On its way there are nui 
branches (about 10 feet apart) for inserting cleaning tools. Tbe soil-pipe tern 
in the casks, from which the liquids run into the horizontal brunch just meni 
A trap is placed in the waste- water pipe before it enters the horizontal pipe, 
tilating pipe, not less than 8 inches diameter, is carried from the nrcli of the 
branch to a point not near any window, but generally above the roof. The ttnettt 
are made of galvanized sheet-iron of a cylindrical form, are 16 inches in diamei 
fi*om 26 inches to 29 inches in height. A sheet-iron plate, perforated with hoi 
sliding in and out of grooves adapted to the iuner side of the tinette, divides it 
cally into two uucciual compartments, the combined liquid and solid excreta 
into the larger one. The use of water-closets is becoming more general. 

Number of cess-pooLs, holding each about 4 cubic yards 

Number of movable receptacles — 

Retaining both solids and fluids * 

Filtering liquids into sewers 

Filtering liquids into old cess-pools 

1 
Number of houses connected with sewer by a passage-way or branch 

By pipes 

Number of houses having night-soil service 

Daily amount of sewage discharged, cubic feet 9, 2 

Daily amount of night-soil removed, cubic yards 

Amount from tinettcs alone, cubic yards 

Since 1852 it is obligatory to build passage-ways from the houses to the sewer 
ing from 7 feet 6 inches by 4 feet 3 inches to 3 feet 3 inches by 2 feet. At presi 
feasibility is discussed of using pipes 10 inches to 16 inches diameter. Sine 
June 23, the *Hinettes filtres" are obligatory for all new houses built on sc 
streets. Since July 2, 1879, it is lawful for small houses to bo connected wi 
sewers by iron or vitrified x>ipes 12 inches diameter with a least slope of .075, 
in streets where travel is great and where the subsoil is soft and uncertain 
haust-steam is not allowed to be discharged into the sewers. 

IV. DISPOSAL OF SEWAGE. 

The night-soil removed from cess-pools and in movable casks is disposed of a 
ous points around the city, the most important being the municipal works at 1 
lette, where three-fifths of the total quantity is taken. Here the casks are 
upon canal-boats and towed to Bondy. The night-soil from cess-pools is deliv< 
large casks upon wheels, into which it is pumped at the houses. The contei: 
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nmped into an extensive underground reservoir 108 feet by 106 feet by 13 feet deep, 
d the liquids, which are about six sevenths of the mass, including suspended parti- 
9, &Tb pumped by a 25 horse-power engine into two iron conduits, 8 inches diameter 
;h, and 10,500 yards long, to Bondy. The deposited solids are then loaded into 
iks and taken there by boat. The establishment of La Villette is well kept, the 
lars are washed daily, and are well ventilated. At Bondv the contents of the 
ks are dumped into basins and aUowed to dry. The liquids pumped are also al- 
wed to procix^itate any solids, the residue in both cases being manufactured into 
joadrette. The liquids arc distilled, and by the aid of heat and the addition of lime- 
irater the ammonia is disengaged and is converted into sulphate of ammonia. The 
jield varies from 13 to 20 pounds per cubic yard of liquid. The waste waters are dark 
Mown, and are dischargcul into a sewer leading to the Collecteur du Nord at St. Denis. 
About 885 cubic yards of ni|rbt-soil are daily taken to these various d6potoir8. 

The sewage proper of I^aris is delivered at three points along the right bank of the 
Seine, at St. Denis, and St. Oueu, where, at the latter place, it has an elevation suffi- 
cient to cross the river on a bridge and flow to irrigation farms on the plains of Gen- 
; levilliers. At Cliohy, it requires pumping and is raised under a head of 30 feet, 
[erosses the river on a brid«5e to Asni^ros, ana thence flows to the fichLs. About60,000 
[•cabic yards in summer and about 40,000 cubic yards in winter are now pumped daily 
.a&d utilized. The rest flows into the Seine, which is strongly polluted as far down 
asEpinay. About 120,000 <'.iibic yards of silt, supposed to bo deposited from sewage, 
:. lie yearly dredged. T\w sewage is led along roads and i>aths over the flat and sandy 
^..nrface of the Genndvilliers district in cbanuels, partially under pressure and partially 
^ tpen. The fornuT are built of concrete, and have valves on the surface from which 
> tne sewage can he <lra\vn. The district, except a small portion where the experi- 
; ments on p.ai-t of the department are made, consists of private tracts, and the owners 
f |re at liberty ti) use the sewage as they desire, or not at all. The ground is quite 
nndy and gravelly an<l covered with a sterile soil. With the aid of the sewage it has 
increased in value so much that the annual rental of land under irrigation increased 
'. in the last five years from §17.28 to $36.00 jier acre. The sewage is applied either as 
liroad irrigation (en colmatage) or in furrows (en rigoles) between long narrow beds 
3 feet in width. The latter is preferred. The position of the beds is changed every 
year, so that they are placed on the furrow of the i>reviou8 year. The exU'usion of 
ihc sewage carriers over the entire peninsula is gradually to be accomplished. 

Acrca. 

Irrigated surface in 1882 126 

Irrigated surfaci? in 1875 346 

Irrigated surface in 1878 914 

hrigated surface i n 1880 1 , 020 

Area availabhi 12, 000 

or one acre for 170 to 200 jiersons. 

No ill eff'ects have been caused by the irrigation works. Since they were started, 
t new village, Gresillons, has sprung up in the midst of the territory, with a death- 
lite averaging only from 19.5 to 25.3. Irrigation was begun in 1869. It is int<?nded 
in future to purify the sewage more by filtration through the soil than l>y irrigation 
ilone. The two methods will be combined, however, as much as possible. 

D. — Maintenance of Sewerage Wokks. 

1. Appliances. 

«. For removing night-soil. — Cews-pools are cleaned by pumping the contents into cyl- 
indrical iron carts with a ca[>acity of from 70 to 140 cubic feet. These, when full, 
•re hermetically sealed and conveyed to the several depots, La Villette, &c., for dis- 
posal. The coininon *' fosses mobiles" are strong wooclon casks containing from 4 to 
• cubic feet. They are closed with a tight-fitting cover and taken to the depots in 
••Ttsfor disposal. The ** tinettes filtres " are made of galvanized sheet-iron of a cyl- 
indrical form, 10 inches diameter and 26 to 29 inches in height, with a movable 
•ween to separate the fluids from the solids. They are connected by a movable bayo- 
••t-joint with the soil-pipe, and by a small movable India rubber pipe with the branch 
nom the sewor. They can thus l)e readily removed, and after being tightly closed 
•re rolled under a manhole, hauled up, placed upon a cart and taken to the depots 
fer disposal. 

h. For cleaning Hcuers. — The appliances are as follows: 

The ** bateau- vanne" is a boat with a movable apron or scraper (vanne) of the 
Aape of the invert, but an inch or two smaller, perforated with three small openings 
•ad suspended at the bow so that it can be raised or lowered. When it is lowered to 
^thin a small distance of the bottom the water rises behind it, and, besides propell- 
iDff the boat, rushes with great velocity through the narrow opening and stirs up the 
••diment. This sediment as it accamulateB in front of the apron is pushed forward 
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by it thronsh the rising head of water and thus brought to the outlet. It is used in 
types Nos. 1 and 3. 

The *' waffon & bascule," or tip-wagon, is a truck, into which the silt is thrown and 
carried to the outlet. The '^ wagon-vanne'' is a truck running on rails about 4 feet 
apart, fastened to the edge of the ^'piedroit" (path). It oi>erate« exactly like the 
boat, in haying a movable apron in trout, by which the detritus is pushed down the 
sewer. It is used on the sewers of t\i>e8 Nos. 2, 4, 5, 6, 7, and 8. 

The *^ wagons ordiuaires" are simple trucks for the sewers of an oval shape without 
banquettes, or types Nos. 10 to Iti. The scrapers and shovels are used in the latter to 
loosen the deposit and load it into the trucks or push it forward into larger sewers. 
The scrapers are similar to the common hoe, with its ed^e fitting the curve of the in- 
vert. Brooms are used to clean the banquettes and side cii trances. The sewers of 
tvpes 10 to 18 arc sometimet) flushed by x>en-8tocks or timber sluice-sates, hinged at 
the side and worked from the top of a sewer through a manhole. The siphon cross- 
ing nnde r the Seine at the Pont de FAlma is cleaned by means of a ball of hard wood 
53^ inches diumoter, 5.9 inches less than diameter of pipe, and weighing li^ pounds, 
which is passed through it at intervals, generally once a week. It is pushed along by 
the force of the water, and by being liguter it rolls along the soffit which increases 
the velocity of wat<er along the bottom and causes the seaiment to be scoured up and 
moved toward the outlet. 

At certain places there are recesses in the sewers for collecting the silt, which is 
then removed by the trucks (" wagon h biscule"). 

2. Method, 

a. Of removing night-soiL — As stated uuder 1, the night-soil is collected in movable 
casks or pumped from cess-pools and taken to La VilTette or other ddpotoirs, where 
their contents are either removed from the city finally or made into poudrette. The 
exchange of the casks is very regular and at brief intervals, many arriving at the 
d^potoirs not more thau half filled. They are all well cleaned before being replaced. 
There is comparatively great cleanliness in the entire operation. 

h. For cleaning sewers. — The sewers having banquettes (Nos. 1 to 9) are cleaned me- 
chanically by the flashing apron or scraper ; the rest arc cleaned by hand, the mud 
being cither removed into a large sewer with trucks or boats, or out of man-holee 
into the streets and loaded into carts. The water in the former case passes through 
the space between the scraper and the sides of the sewer, as well as through the small 
apertures in it, and creates so violent an agitation in front that all the solid matter 
is held in susxieusion and driven forward with the scraper itself. It sometimes hap- 
pens that one passage of the boat or truck is not sufficient to remove all the silt, and 
a second one is necessary. When the flow is too slight to float the boat, the water 
is temporarily raised by'dam-boards exactly fitting the invert-. The boats and trucks 
are attendeil by three men working the apron or assisting the motion of the boat. 
About 2,500 feet can so be gone over in » day. The sewers are rarely cleaned before 
the mud is several inches deep. The motion of the flushing boats and trucks is hardly 
1 to 2 inches per second. 

Acids miiHt be neutralized before being discharged into the sewers. Steam or fluids 
of a temperature greater than 8()° Fahrenheit are not admitted into sewers. 

The siphon at the Pont de PAlma is cleaned by passing the ball. It has been in 
use many years and given no trouble nor reason to anticipate any. There is a difler^ 
ence of level between the two ends of 1 foot 8 inches, and this difierence can be 
increased to nearly 7 feet by damming up the water at the southern end. A great 
velocity for simple flushing and for passing the l)all is thus obtained. After the ball 
is inserted at one end it rec)uires generally but a few minutes to appear at the other, 
pushing the silt in front of it. With a liead of 1 foot 8 incites its velocity is aboui 
3 feet per second. 



The flushing and cleaning is executed in ordinarj' times by 550 to 600 men, under 

« pl(,mjj.g^»> 25 Qy^j^gggj^^ 5 g^lJ j^jj^^ I (jiuef **co 

city cleans 21,500 out of the 23,600 house-connections. 



the supervision of 22 ** pinuers," 25 overseers, 5 sub and 1 chief "controleur." The 



The condition of the sewers is generally clean, and no strong, disagreeable odor 
prevails, except in the sewer which brings the foul waters from the Bondy establish- 
ment. During the summer months visitors are weekly taken through the large col- 
lectors in a cleaning-boat. 

E.— Cost of Sewerage Works. 

1. Management and maintenance. 

Department for sewerage in 1879 : 

Corps for desisn and construction $193, 996 

Ifaterials and labor (exclusive of new work) 973,900 
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rsoiiB for ixupeotion of cleaning sewers and night-soil service t71, 000 

-ion and repairs to city sewerage l 420, 006 

iction of house branches 28,000 

ICaintenance of sewers : 

sewers, flashing, &c 243,200 

branches (reimbursed to city) 76,000 

buildings, inclading night-soil remoyal 45,40(^ 

pig sludge from river 36,000 

ineoos 20,400 

421,000 
ktion of sewage at GenneviUiers 78,000 

Department for water supply in 1879 : 

exi>€n8e, 5,860,280 franc8=$l,172,056. 

~ cost of cleaning sewers per heskd of total population, 12.5 cents, 
cost of pumping sewage per head of total population, 4.5 cents, or about one 
ilime for cue cubic meter pumped. 
' cost of night-soil service per head of population, 55 cents, or $1.23 per cubic 

il cost of pumping night-soil to Bondy, 2.92 cents per cubic yard, 
il cost of transporting casks to Bondy, 7.32 cents per cubic yard. 

-pipes in houses supplied with the filtering casks are taxed with $6 annuall;^. 

izemoval and exchange of one cask is charged to owners with 30 cents. There ia 

rerage of 6.3 exchanges per annum. Therefore annual cost is about $1.90. Pro- 

ra pay for the construction of house branches. Cost of the sewaee purification 

from 1869 to 1880 was about $600,000. Cost of maintenance and studies up ta 

was about $600,000. 

of ground before sewa^ irrigation (1868) per acre.. $12 15 

of ground after irrigation : 

1872 per acre.. 12 80 

1875 per acre.. 17 28 

1H77 per acre.. 24 00 

1880 peracre.. 36 00 

2. CoMtruoUan, 

lated cost of existing sewers is $20,000,000, inolnding 355 miles of main and 
ich sewers and 123 miles of house branches. 

lated cost to complete the system is $8,911,100. 

Present contract prices of the different types, &c. (see C. II. 1), are : 

, fiewers, for 

Francs per meter. Per foot. 

No. 3 367.42 $22 40 

No. 5 299.67 18 OO 

No. 6 241.93 14 75 

No. 6, bis 258.82 15 80 

No. 8 172.97 10 65 

No. 9 149.02 9 08 

No. 10 112.52 6 86 

No.l2 97.11 5 92 

No. 13 92.06 5 61 

No.l3,bia 81.62 4 98 

No.14 77.45 4 72 

House branches, for 

Type No. 1 4 47 

Type No. 2 3 43 

Type No. 3 3 13 

l^No. 4 2 82 

Man-holes, for 

Horizontal branch, 2 meters high 5 11 

Shaft, square section 2 80 
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d. Street-inlets, for 

Horizontal branchi 0.80 to 2 meters high 

Shafbi rectangular section 



All prices under a, 6, o, and d are for paved streets, for meuli^re masonry 
ment mortar. 

Cost of underground sewage carriers at Gennevilliers (concrete) is about 
per running foot, excluding cost of excavation. Flushers are paid 60 cents to\ 
day. Foremen have salaries of $400 to $625 per year. 



BERLIN. 
A. — Statistics op Locality. 
1. Population^ 
1840—300,000; 1860—600,000; 1880-1,118,630. 

2. Area. 



Municipal li 

Area of lowland 1 

Area of highland < 

Area built up i 

3. IhceUinge, 

Number of houses, about 81 

Number of dwoUiuffs to one house 

Average number inhabitants per dawdling 

Average number inhabitants per house 

4. Water supply. 

Pumped from River Spree, 31.7 gallons per head per day. 

5. Mortality. 

f. Average for a number of years, 30.6. There has been a gradual decrease from 
"when it was 32.6, to 1879, when it was 27.7 — the lowest rate since 1867. 

6. Meteorological. 

Fahre 

Temperature, mean annual 

Highest monthly mean temperature, July, 1865 

Lowest monthly means since 1740 : 

January, 1838 

January, 1848 

January, 1823 

Lowest daily mean, 1850, January 2^ - 

Highest daily mean, 1865, July 20 

Highest 5-day mean, 1868, August 

Lowest 5-day mean, 1861, January 

Warmest observed temperature, July, 1819 

Coldest observed temperature, January, 1823 - 

Mean of January for 150 years is 

Rain. — Annual mean, 22.32 inches ; number of rainy days per annum, average 
several years, 118. 

Maximtwi storms July 11, 1858, 2.56 inches fell in 14 hours =.003 inches permit 
.80 inches fell in 20 minutes =.040 per minute. 

Prevailing winds, west (decided). 

Frost penetrates ground from 40 to 50 inches. 



2 



^ 
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7. Topographical, 

late on both banks of the Spree, a small river rising in Central Germany, and 
miles from its conflnenoe with the Havel River. The lan^est part of the town 
I a sandy plain, varying in elevation only from about 15 to 18 feet above low 
'. In the southwest part of the city there are areas varvin^ 10 to 15 feet above 
'mter. The ground gradually rises as its distance frt>m the nver increases, espe- 
towards the north^ where it reaches +25 feet near the old boundary. It rises 
ligher at a few points both north and south. In the south there is a sudden 
bion of +1-11 ^^Qtf called the Kreuzberg. Low water in the Spree is about 95 
bove mean tide iu the Baltic. The discharge of the Spree, which averages from 
> 200 feet in width, is at — 

Cabio feot x>6t second. 

ary low water 1, 000 

me low water 006 

ary hirfi water 2, 000 

due high water 4, 808 

\ river runs through the city in several arms. 

8. Physical, 

) city is closely built up in the central and eastern section. The western con- 
tbid parks and villa-residences. The streets are comparatively wide, and are 
y paved witli stone blocks. Recently asphalt is being much used. 

9. Geological, 

the older city and lowland the surface to a depth of five feet is of recent forma- 
either dug over or filled in. Below is alluvial sand from eleven to forty feet 
y and below this is diluvial loam and coarse gravel, rising to the subsoil water- 
at a few places in the lower city. Near the river there are occasional beds of 
»nd of infusorial earth in depths of eight to twenty-six feet. For building yur- 
these '* pockets" have proved very troublesome. Toward the higher grounds 
ilnvium rises to the surface. 

B.— Management of Pubuc Works. 

oh department is headed by a '' Baurath " (chief engineer), responsible to the 
leipal council. The design and construction of the new sewerage works are un- 
• mecial and temporary department. For the latter there is a central office for 
mmg principal designs and deciding general questions. It is headed by a di- 
r and BIX assistants. O ther matters and the execution of the works are in charge 
Tiaion engineers, one for each main drainage area (radial system), who have 
a eorps of several assistants, according to amount of work. The works are di- 
f Boperintended by an inspector and '^conductors." Maintenance of sewers is 
qrstematic. So far only Radial System III is finished. The pumping station 
ges 16 persons, the maintenance of the sewers of the district, 14 persons. The 
ition works are also in charge of the temporary sewer department, under 1 in- 
jur, with 1 assistant and 40 sewage distributors. 

C. — Design and Construction op Seweraqb Works. 

I. GENERAL SYSTEM AND ALIGNMENT. 

nbined water-carriage and disposal on sewage farms. As all sewage reauires 
ifaig, and as the surface of the city is extremely fiat and low, it is divided into 
idependent artificial drainage areas or districts to obtain better gradients and 
lepth of sewers. Each one is called a ^^ radial system,'' and they are numbered 
I to XII. Tho city proper is covered by five. I to V ; the rest are ]»eripheral. 
I sewage from each district is collected at a lowest point, the pumping station, 
irom here raised through iron mains to either of two farms, one situated to the 
MMt, the other to the south of Berlin. The stations are situated at or near the 
or one of its branches, and the sewers radiate from it over the district. At pres- 
■ly Badial System 111 is finished, I and II are nearly so, and others have been 
MDCe^. The pumps are intended to raise, besides the sewage, only a first fiush 
li-water ; therefore numerous overflows are provided to relieve the pumps of any 
IT quantity. On broad sti'eets, over 60 feet m width, a sewer has been laid on 
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each aide. All sewers are as much as possible connected with each ether, and temp 
porarily separated only by valves, in order to avoid dead ends, to flush lower fnn "' 
nigher mains (Lindley principle), and to permit the sewase to flow into other sewea ;". 
in case of stoppage in any one. All pipe sewers are laid in straight lines betweci ' 
man-holes TRawlinson principle). In general the sewers are divided into ooUectoo^ 
which are aeep and buut of brick; into pipe sewers for the branches and higher di» ', 
triets, and into storm-water overnows, for which partially old sewers were made un ^ 
of. The ^^sent plan was adopted in 1873. after an inquiry of a commission appointei 
in 1867. The system is designed by Mr. Hobrecht. 

U. IN STREETS. ETC. 

1. Shape and size of sewers. 

Circular pipe sewers are used up to 20 inches diameter. Brick sewers are egg- 1 
shaped, except some of the. larger ones, which are circular or flat elliptical, for want 
of sufQcient height under street. The width of the egg-shaped section is two-thirdi 
its hei||[ht. The pumping mains are of iron and 1 meter diameter each, except om^ 
which IS only three-quarters of a meter in diameter. The size of the sewers is dete^| 
mined by Eytelwoin's formula, in the following form, for meters: 



Circular sewers, running full, v=50/\/ o'' 



2* 



Log. D=2.0456H-^^«-;;+i?-^« 



2 



a 



V 4^594 
7~^J — ^^ 

Log. D=2.2426 +^1°8- ;--H?8-? 

V 3.023 ^. 
~^.7^~ 

Log. D=2.0803-i-^^^g'^ + ^^g* 

In which v equals velocity in meters per second ; r is the mean radius j t the sini 
of the slope, and D the discnarce in cubic meters per second. The quantity of rain- 
fall used for calculation is J inches per hour, of wliich \ is assumed to evaporate, ^ to 
penetrate the ground, and the remaining ^ (7 millimeters per hour) to enter thi 
sewers. 

The quantity of sewage estimated is 130 liters ^30 gaUons) per day per inhabitanl| 
of whicn one-half runs off in 9 hours, and for 800 inhabitants per hectare (324perso]ii 
I>er acre). At present there are only half this number. The TniniTwnm eize ror pipi 
sewers is 8 inches ; maximum, 20 inches. The brick sewers are classified into elevcrf 
types, varying fh>m one meter to two meters in height. 

2. Depth and grades. » 

The depth of cellars was regulated by the subsoil water, which stands at -)-l meta 
above mean water near the river, and at -f-2.2 meters at the upper end of the lowff 
city. Cellars must be 1 foot above subsoil-water level. Depth of pipe sewers varici 
f^om 1 meter to 4 meters below surface, and of brick sowers, which are laid de^p€f 
to act as collectors, from 2 motors to 5 meters. The latter are often below subsdl 
watiir, and are made water-tight with great care. The grades are, as a rule, veij \ 
light, on accouut of ^he flatness of the country ; yet light grades are even preferrM 
in some instances to obtain a greater bulk of water for flushing. The deposits ob* !« 
terved in Berlin seem, however, to be greater than elsewhere. The minimum grada Ij 
used are for — 

Sowers that can be walked through 1 : 3O0t 

Sewers that can be crawled through 1 : 1801 

Pipe sewers 1 : 801 

Pipe sewers frequently have a drop in the man-holes. 

3. JunctionSy connections j overflows, outfalls. 

The junctions of large sewers are generally made at right angles, except when 
streets Join at acute angles. They are usually in rectangular chambers, with a oylin- 
diical arch, and in a lew of which there is a tongue. Funnel arches are avoided* 
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^ben curves are made to ent€>r the chamber they mostly have a very short radius. 
\ Ko allowance is made for loss of head in the curves. House connections are made at 
an aDgle, and are inserted where necessary when sewers are built. Overflows, of 
which there are a great number besides those at the pumping stations, are arranged 
•o that they can be adjusted, with regard to the height of water in the river, by iron 
'^ m of 8<(uare section (2 inches by two inches), wnich are placed loosely on each 
dUwr across the opening and form a dam, which, therefore, can be raised and lowered 
ahj distance at pleasure. These dams are used to prevent the ingress of river water 
doriQ^ its high stages. The overflows at the pumping stations have acted fourteen 
timea m a year, with an average duration of 2 hours and twenty minutes each time. 
There are two ultimate outfalls for the sewage, one on the Osdorf farm, the other at 
the Falkenberg farm. At present much of the i^owuge still flows into the Spree. 

4. Ventilation. 

The ventilation of sowers is achieved by perforated man-hole covers in the middle 
of tiie street, by the street gully inlets, and by the soil pipes of the houses. No ob- 
jectionable odor has been noticed to arise into the street, and the air in the sewers 
ihemselves has but a slight smell. The odor at the pum][>iug stations, which are lo- 
cated at various points within the town, is remarkably slight when at all noticeable. 

5. Man and lamp holeSf flushing shafts. 

The man-holes are generally situated directly over the sewer and are covered by a 
circular cast-iron grating, open near the periphery and containing blocks of wood in 
the middle for deadening noise. One inch or two below the cover is a sheet-iron plate 
to catch street dirt, with holes for ventilation in the middle. The mau-holes are de- 
aceaded by cast-irou steps set into the wall. For brick sewers the upper diameter is 
21 inches, and retaining this width in the direction. of the sewer, they increase in 
width across the sewer and generally rest on the side walls. For pipe sewers the man- 
holes increase in diameter from 21 inches to 3 feet 1 inch at 4 feet below the surface, 
irhich latter diameter they maintain to the bottom. For pipe sewers the bottoms are 
flak and a few inches lower than the outlet pipe, the inlet pi])e8 being usually higher 
than the outlet. There are no special lamp-noles and 11 ushing shafts. Man-noles are 
placed at all street crossings and changes of directions ; otherwise they are from 200 
to 300 feet apart. 

6. Gullies. 

the cpUids have a horizontal inlet in the gutters, the grating being 15f inches by 
19| incnes. They have a catch-basin 26 inches square and 34 inches deep below the 
outlet. The entire depth of the gulley is 7 feet 4 inches below the gutter. The 
outlet is rectangular, 4 inches high and 8 inches wide through the wall of the basin, 
then it is circular, 6^ inches in diameter to the sewer. The trap, or rather screen, as 
it k perforated with two holes at the top, each an inch in diameter, is a sheet-iron 
flap, ninge<l above the outlet so that it can be raised in case of obstructions. It 
•tMids 2i inches from the wall, but is bent to fit closely against it with its sides. It 
is mainly for the purpose of preventing floating matter Arom getting into the sewer. 
Gullies are never placed at intersections or near crossings, but in the block. 

7. Pumping stations. 

There is to l»e a pumping Htatitm for each radial system. It is intended to i>ump, 
besides all sewjigo, an amount of rain-waterof e<iual quantity. The following notes 
refer to svHteni III, as it is the only one entirely finished. Tlie rest will be in similar 
praportions. TIic staticm contains buildings for engines, boilers, coal, employ<?w, &c., 
a well for water of condensation, a large circular catch-basin, with screen and an 
overflow to river. There are engines (Wooirs horizontal), 2 coupled to one fly- 
"wheel, with a total of '.UjO horse-power, driving 6 pumps, with a capacity of 1,000 
cubic feet per minute. Only thre*^ of the pumps are ordinarily in use, the other 
three being koi)t for yainv weather. In H7o 4,830,400 cubic meters wen» )>um]MMl to 
Osdorf, n quiring 2.'),500 liectoliters coal at a cost of :«,.50O marks (l,27^*,2i:J0,000 gal- 
lons, with 'Sf'X^O cubic yards coal, costing $8,400). All of the ]>unips south of the 
riTer amount to 500 hofse-power. The stations are verj' neat, locatecl in the city, and 
are without any noticeable odor. The lift to the southern farm, Osdorf, is 75 feet; 
to the northern farm, Falkenberg, 105 feet. 
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^. ifiietttaneoiu. 
For crogsiDg the caiiatR tliero lire four pipo bridges anil o: 



tl. Halcriah and comtruelion. 

pretsed lirick auil terra-cottn pipe. The orili 



P' ■ ■ -m 

lector«si« lirick. The Hubsoil being veryMtudy, ai 
(treat difflcolties Ui encanpter. »s m 
■ ' " " ' " " not im pumpGd, 



Mat^rialii used Tor een-ers are 
Mwere are all pipo ; the main co] 

sometinied peat and liog, theru «___ „ „ „ ,. 

were built below subBoil nnt«r, wliiub ihould of course not be pumped. A watt ) 
tight cmdie wasuanatly built into the tn<uch by means of concrete, molded iiiiilir t] 
water BQil reacliiiig up to iln niirface. Alter biinleulnK, the trench was puuipcd dl| 
The sandy noil above the wator reqnired Bhuet-piliii^ iu moat plaeea. Thi< iuvert i 
brick gewris WQH generally ninde eitber of tcira-cntta blocks or lately of blockit fi 
of brirkft, about a, .vtird long iind 1^ inchce wide, which wore lowired into the ti 
A course of nmootb Htretchcrs wna Isiil on top of the blocks In biithcnsra. Thcbiiol 
work IH made wiiter-ticht with tlli; grcalt'iit cnre, becaiiHU all of the onlliinry flow I 
aewaee tnnHt bepumiied. Weilgc-Hbiipcd briokauro nsed for arches of four pattern 
for draniett^m from 1 uiPter to ^ lueterc. Brleka molded t-o circular uu: 
era aud stretcLere, are uiwd for niau-bolcs. Sizu of ordinary hrickH ii 
iueheaby:^! inchea. Pipeaeweni are alxn laid with gn-uttMt cnre, ftvm the Iowa 

Kiut upwardn. To control an accumtu gnulii^nt and alignment a lamp ia ki^pt t>u» 
,{ at tlie starting i>oint, wbirli by reUectiuii shows any irri'giiliirity and ennblcs tb 
pipe to be thoron^fbly cleaut^d. The pipes are Jointed with gasket and puddii^d bit 
clay ou the ontside, and eenieut from toe inside if tho pipe is large enongh. Tb 
Jointing has given perfect auttafiiction. One mason oiid four helpers can lay 70 feet 
day of the larger and IDO feet of the Bnioller aewera. The mortar is niisod of Oemi 
Portland (Stettin) in proportion of 1:3 of ahan> sand. Concrete ia mode of l par 
jnent, 'J of sand, 5 of etone. The joints arc sniull and carefully atrnckao that the i. _ 
surface ia very smooth. The hinged flap in the [{iillies isof sheet-iron, the outlet pi] 
through the brickwork including the downward turn is made of cant-iron. The ga 
liea and man-holes aro usiially built on a large flag-atone asa foundation. The fow 
itations for seweis are usually concrete, from 1 foot to 2 feet 6 inches deep. The eX 
cutiun of the work is entiiely by day's labor, under the direction and imipeetion i 
the oily officers, except the excavation and sheet piling, which are done by contrao 
All materiab are obtained fttim the best makers, not necessarily from the lowest bii 

10. Statiatie*. 



u 



U,MO 

30,004 



:s finished Deoember, 1680: 



Dwellings (not honeos) connected, 30,000. 
Length of brick sewers built daily in season, about iM feet. 
Distance from pnropa to southern sewage fanii, B miles. 
Liit of pumpe, 70 feet. 

Bowagc reaohes farm from extreme dwellings in 5 hourfl. 

Greatest calculated dilution of sewage at the moment when ovorflows begin to m 
1 to a 186. 
Greatest dJlmJon when sewers are rnnning full, 1 to 153.3. 
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StaiiBticB of Radial System III (finished), 

YarOB. 

of brick sewers 3 feet to 6 feet 6 inches high 10, 267 

iMgth of pipe sewers 73, 861 

jBgltli of Storm-water overflows (brick) 1,969 

^■wtb of storm-water overflows (pipe) 656 

taaber of gullies 1, 450 

iber of man-holes 1, 060 

iber of storm-water overflow sewers 5 

ibep of short overflows 30 

oonsamption per head ^ gallons. . 33^ 

(not dwellings) connected 2,445 

number of dwellings to 1 house 8.7 

rers are built for a density of population of 800 per hectare, or 320 per acrr. 

BaUaHes for other systems, in 1880 : 

thof brick sewers finished yards.. 56,869 

thof pipe sowers finished yards.. 53,730 

of storm-water sewers finished yards. . 5, 877 

of houses connected 1, 200 

III. IN HOUSES. 




connections are obligatory, since 1874, as soon as sewer is laid in front of 
. All excrements, waste and rain water must bo led into sewer. Cess-pools 
6ibite<l. Owners must Hubmit a plan of a complt^te house-drainage for exam- 
n, and it must be uxecuted within six weeks afrer approval. The execution is 
to inspection. The city lays the honse-inpes to the inside of the front wall, 
the rest is done by the owner. Where sewers cannot yet be built, the cask sys- 
is obligatory in the mean time. The use of the public water supply is obligatoiy 
"Bver tnere are pipes in the street. All old works, including cess-pools which 
been superseded oy the new ones, must be removed within thirty days* notice. 
dpes 4 inches in diameter must be carried beyond roof or into chimneys. Every 
is to have a fixed strainer. Below every inlet there must be a water-trap. The 
from water-closet (neck) shall not be over 2f inches in diameter. Water-closets 
have ample flushing arrangements. The main house-drain (maximum 6 inches 
falHameter) after entering the house is to be piovided with a valve to prevent back 
' nrfrom the sewer, with a removable lid. 
Condensation water is only allowed to enter sewers on special permission, exhaust 
MB never. After house drainage is completed, the old gutters are filled, and granite 
rall^ 12 Inches broad and 10 inches deep, set on concrete, are built in their place. 
ttlk>pipes must have a diameter not greater than 2 inches. Privies in the yards are 



10 lave a hopper closet with a trap below frost. Rain-water from the yards must bo 
Mbto jrullies also trapped below frost, and not run into the street over the side- 
mik. The portion of the main pipe leading through the wall and into the house is 
•f OMt iron and asphalted — the soil-pipe likewise, and both have leaded joints. £x- 
Wpjluually, vitrified pipes are permitted under the cellars. Cellars must be 1 foot 

*itfe the highest subsoil-water level. 

Tiid gullies are built of brick, well cemented, 15 inches square and 5 feet deep, 
jnithe outlet must be 3 feet 4 inches below surface. It must be trapped. Grease 
ten are to be inserted wherever necessary. They are to be of cast iron, enameled, 
10 niehes by 14 inches, and at least 14 inches deep. The minimum fall for house-pipes 
li LS5 per 100 ; the maximum for horizontal pipes is 3 per 100. The tax for house 
MOMetions is not a fixe<l one, but proportional to the supposed advantages gained, 
jPdii adjusted every year according to the amount of money required to extend the 
^'wka. In 1879 it was about !J45 per building in the districts where works were being 
•xerated. 

IV. DISPOSAL OF SEWAGE. 

AH of the sewage in to 1>e puni])ed and distributed over two farms for irrigation 

*Dd filtration, one to the northeast, for the part of the city north of the Spree ; tho 

Other to the south, for the southern jmrtion. The former is at Falkenberg, 6 miles 

Atxmthe c<'nter of Ijorlin, with an elevation of 102 feet above the Spree, ami an area 

of 1,830 acn;s ; the latter Ih at Osdorf, 9 miles from tho center of Berlin, with an elc- 

▼ttion of 72 feet above tht) Spree, and an area of 2,050 acres. The level portions are 

Qaed for filtration and winter Htorage, the gently sloping areas for the furrow system, 

tnd greater slopes for broad irrigation. A novel feature are the winter basins into 

which the sewage is turned, after vegetation ceases, to a depth of 2 feet, and allowed 

to Mftk away. The odor from them is very greatj but no nouses are within a mile. 

4429 N B u 11 
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In the spring the ground is plowed, and summer grain of excellent quality grown 
upon it. The entire farm is to be snbdrained. The effluent is satisfactory. The soil 
•consists of a loamy and almost pure sand, and its fertility before sewage is turned 
apon it is very poor. Now, crops are raised better than the average quality of thi 
ordinary farm. The Falkenberg farm is not yet prepared. Osdorf receives tin « 
«ewage from Radial Systems I, 11. and III through two mains 1 meter in diametflr i|i 
•each. The farm is divided into fields, meadows, vegetable gardens, and winter basini 
^hich are fields in summer. The gardens are leveled and every meter has a furrow 
into which the sewase is turned. The sewage is delivered at the two highest pointt 
into stand-pipes, it« height being indicated by means of a float and flag. From thcae 
points pipes are laid in various directions along the ridges, from which the sewage it 
turned into open carriers 20 inches deep, and led to the different fields. About 1,001 
acres are at present prepared and operated. About 0.27 gallon per second per acre ii 
delivered to the farm. The temperature of sewage arriving at farm is seldom lem 
than 410 Fabr. 



Temperature of— 



Sewage at 
farm. 



December, 1870 *. 

January, 1871 

February, 1871 



-HO. 6 
--36.1 

4-35.4 



Air. 



+25i6 
+23.0 
+20.8 



Mipimnm tem- 
perature of 
air during 
month. 



+ 1.M 
— 5.3S 

— 4.4S 



The city owns and operates the farms. Irrigation was begun systematically in 1873. 

D.— Maimtenancr of Sewerage Works. 

1. Appliances. 

Peu-stocks are not used. The pipe sewers are flushed by having wooden plugs in 
sorted and drawn when sufficient water has accumulated, or by using flaps for the 
same purpose. The cleaning gangs take with them, in a small wagon, a Dundle of 
iron rods 8 feet long and i inch diameter to insert into the pipes, buckets, a tripod, 
two pieces of hose to attach to water plu|^, a water meter to measure the quantitr 
used, lanterns, scrapers of wood, and cyhndrical brushes with sufficient quantity o^ 
tarred rope to draw them through the pipes. The large brick sewers are cleaned by 
hand with scrapers and shovels. 

2. Method. 

About every two weeks all pipe sewers are flushed, generally with hydrant water. 
For this purpose the ends of the pi^es in a man-hole are closed either by flaps or 
plugs, the man-hole itself is filled with water by a hose attached to the nearest fire- 
plug, and the flap of the lower pipe is raised, which allows the water to rush through 
It with an initial head of 6 to 10 feet. Beginning at the highest point the silt li 
flushed from section to section until it is discuarged into the bnck sewers, where the 
greater quantity of water and the average velocity of 1 foot 8 inches generally re- 
move most of the sediment, and if not, it is swept or pulled by scrapers to a con- 
venient man-hole and there lifled into buckets. The brick sewers are inspected, 
walked through, and cleaned once in 3 weeks. The large catch-pit at the lower end 
of each system (pumping station) is cleaned weekly. The sand removed is black and 
has a very triHiug odor. When the flushing of pipe sewers is not sufficient, cylindrical 
brushes are drawn through them simultauoously with the flushing. From Kadial 
8y«tem HI about GOO cubic yaixis of silt were i*emoved, or less than a pint a day for 
eacli liouse, including stret^t silt. On account of the light grades a good deal of silt 
is therefore deposited. There has been no stoppage as yet necessitating the takiug ■ 
up of any section, altliongh the system has been in operation for four years. To 
clean the sewers of Systeui III there are three gangs, each consisting of 1 foreman 
with three men, to whom is allotted a section of about SOO houses and 17 miles. The 
cleaning in the principal streets is douQ at night. One gang cleans about UCO feet of 
pipe in one night, an<l removoa ^ to 2 cubic yards of silt. At the pumping station 
there is daily removeil from the screen about one wheel-barrow full of paper, rags, 
sticks, &o., which are burnt in the furnaces. 

In 1878 there were i)nmped from Systom III to the farm 3,505,150 gallons; in 1879, 
3,716,604 gallons. In the latter year this quantity has >7cen estimated to consist of 9.1 
per cent, rain-water, 1.6 per cent, of water used for flushing, the rest of sewage 
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nper, beins 1,358 gallons per house and 32 gallons per head daily. Storm-water oyer- 
acted 14 times in the same year, averaging 2 noors and 20 minutes in duration. 

E.— Cost of Sswxbaob Works. 

1. Management and mamtenanoe, 
office: 

Director and 6 persons 18,472 

Office, Ac 8,028 

26,500 
or, 96,(530 

lidial System I (not finished) : 

Marks. 

Pumping, 10 persons 12, 540 

Coal (16,750 marks) and miscellaneous 24,845 

Cleaning, 2 inspectors and 6 laborers 10,064 

Clothing, materials, tools, and carting 0, 151 

Repairs , 500 

55,700 
113, 925 

Kidial System II (not finished) : 

liarka. 

Pumping, 10 persons 12,550 

Coal (18,875 marks) and miscellaneous 28,125 

Cleaning, 3 inspectors and 7 laborers 12,902 

Clothing, materials, tools, and carting 10,152 

Repairs 100 

63,819 
$15,955 

ladial System III (finished) : 

iL Pumping Btation. 

Kwks. 

1 engineer, dwelling provided 2,100 $525 

5 machinists, dwellmg provided for 3 7,380 1,845 

58tokers, dwelling provided for 1 3,360 840 

S laborers, cleaning engines and building 1,800 450 

1 laborer for grounds, and miscellaneous 630 158 

1 gatekeeper 1,080 270 

Por intermediate pumping station : 

I engineer 1,620 405 

1 machinist 1,440 360 

liarkB. 

stoker and laborer 900 |225 

Total 20,310 5,078 

Materials : 

SL645 cubic meters coal, at 18.50 marks 33,062 8,265 

Oil, packing, and cleaning materials 6,690 1,673 

Brooms, rope, and sundries 192 48 

Clothing and boote ^ 266 66 

Carriage hire 108 27 

Water tax 1,060 263 

Gas 3,600 875 

State tax 1,405 361 

Repairs to engine and buildings 2,999 760 
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5. Maintenance of aewen, Marks. 

1 inspector, dwelling provided 3,000 |^ 

3 foremen, at 4.50 markfl per day 4,927 l,i 

9 laborers, at 3 marks per day 9,855 2,4 

Extra labor 1,826 . 4 

Night- watohman, at 1.50 marks per day 548 1 

20, 156 5, ( 

Materials: 

Clothing, boots, and grease 1|1^ S 

95,000 cubic meters of water for flushing at 15 and 10 pfennigs 

per meter 12,967 3,5 

450 loads of silt removed, at 4 marks 1,800 4 

Hose, &c 955 5 

Bepairs, alterations 7, 351 1, t 

24, 193 6, ( 

Sadial system IV (not finished): 

Pumping, 10 persons engaged 12, 850 3, i 

Coal (21,375 marks) and nusoellaneous 31, 125 7, ' 

Cleaning, 3 inspectors and 7 laborers 13,002 3,S 

Clothing, tools, materials, and carting 11, 083 2, ' 

Repairs 100 

68, 160 17, ( 

Maintenance and imp rovements of sewage farm at Osdorf. (Radial Systems I, II, D 

Harks. 

linspector 1,600 ^ 

1 assistant inspector 1,000 J 

27 sewage dismbuters, at 910 marks 24,570 6,: 

13 assistant sewage distributers, at 600 marks 7,800 l,i 

Farming, inspection, labor, and materials 97, 400 24, 1 

Insurance, scnool, police, and taxes 7,316 1,< 

Repairs and alterations to faam and tools 13, 000 3, t 

House expenses 2, 000 i 

Cattle and food 72,000 18, < 

Seeds and planting trees -. 19,250 4,1 

Miscellaneous 1,534 ! 

247, 470 61, ( 

Maintenance and improvements of sewage farm at Falkenberg. (Radial Systems 
and y, not completed): 

Harks. 
Total expenses 5,650 $1,' 

Receipts from Osdorf farm : 

Saleof produce 168,390 f!42,( 

Sale of stock, milk, manure 78, 440 19, ( 

Miscellaneous 660 

247, 490 61,1 
MiBcellaneous : 

For Radial System HI there were pumped in 1878, per house (not dwelling), 528,J 
gallons, with 1.4 cubic yards of coal for |3.33. Price of coal, ^.38 per cubic yiml. 

Tax for water used for iluHhing, 28.4 cents per 1,000 gallons. 

Funds for buildiue the new works are raised by a general loan at 4 per cent., w 
1 per cent, sinking fund. In addition there is an assessment on properties, beinj 
tax of 1 per cent, of the increased valuation of each property due to the construoti 
of the sewerage works. 

2. Conntru4iiion, 

Total cost of radial systems up to 1880 : 

I, Bad. fltystem nearly finished |1, 225,1 

11, " " nearly finished 1,675J 

ni, '' " finished \>^^ 

IV, " " nearly finiHhcd \^^ 

V, *' '' nearly finished ^^^^ 
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aterials : 

08t $7 to $10 : cement is worth |2.25 per 400poiiiidB : iron pipe. 2 oenti 
led clay, ready for use to Join pipes, |6 to |8 per cuoio yard ; traps for 
ms, |4.50« including laying ; 1 square yard of sheet-piling in place 



bor: 

:ent« per hour, 
cents per hour. 
)8t8 30 cents a cubic yard above, and 60 cents below subsoil water, in- 

3 feet 3 inches by 2 feet 6 inches, cost $5.40 per running foot. 
10 inches diameter, cost $3.08 per running foot, 
to houses are laid at owner's expense. 

for Osdorf farm, per acre $166 

ig ground, per acre 62 

per acre 62 

lage, per acre 45 

' acre 335 

arm (2,050 acres), $686,750. 



VIENNA. 
A.— Statistics of Locality. 

1. Population, 

*..- 730,000 

sewers, over 1,000,000 

2. Area, 

50 hectares) acres.. 10,379 

6,300 hectares) do .. 15,566 

3. Dwellings, 

3S 12,274 

lings 143,617 

4. Water supply, 

amount that can be delivered gallons.. 29,847,933 

)nsumption . . ^ do .. 16,441,965 

isumption do . . 12, 705, 182 

lountain creeks in covered aqueducts, by gravity, 
lestic purposes per head per day, 16 gallons. 

5. Mortality, 

28.2to38.7 

I years 30.6 

6. Meteorological, 

Fahxenheit. 

san annual 49. 46 

rture 101.64 

bure —13.90 

temperature, annual 93.08 

temperature, annual 4. 88 

re, summer montlis 67.10 

re, winter months 31.00 

ige of temperature • 94«10 
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1. Shapt and list of sev>er». 

Pipe ftcwera are not used, but will ahortl; be introdaced for house branch 
Tbo shapeof the sowers ibovhI, f ho Invert ia rather dat with a radius bu' " 
ahan tliat of the arch. The older sewers, especially those carrying c 
Tuions shapes, generallf with a level bottom and semicircul^ir arch. The ■ 



Mean vfllocity per second 



V= 



Formerly Eytelwoia'a formula was used. The maximum rainfall calcolaled ta%:.i^ 
provided for is over I inch nor boor, supposing J of an inch to get into the Heweis,if 
to fill them only to the spring. The alies are divided into types, with the dim 
tm folloWa, in iDet«ra : 
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For boose branches the sice ordinarily used is ; 
TQ 1 1.0S ; o.«o I & 



Large aewera, vith spans to SO feet, with flat bottoms, are used for carrying old 
Maximum rainfalls: 

IdcLh Iter miDBlft 

1853. jQne23:22.4 mtllimeterB in less than 60 minntes 0.0160 

1854. July 19: 31.4 millimeters in less than GO miuntes 0.0140 

1860. May 2: 48,9 millimeters in 110 minutes 0.0178 

1870. July 18; 40.(S millimeters in 140 minutes 0.0114 

7. Topographiaal. 

Sitaate on the risht bank of the Dannbe, whiohflowain a southerly direction. The 
city is intersected by the Donan Canal, a branch of the river, lesviuff it above and 
reuniting with it below the city, and a small rivet called the Wien, (nschnrgms into 
tbe"caiial." The snrfoce between the latter and the Dannbe is almost a level, end 
la 13 to IB feet above low water. The rest of the city is on a craduall.v sloping and 
tmdalating ground, closed in hy hills. The highest point in the city is 223 feet at 
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^w water is 497 feet above the sea. Several creeks issning from the- 
nerly passed through the town, bat are now converted into sewers. 
3onau Cunal is 10.4 miles ; its width at low water is 140 to 180 feet ; its- 
low water is 3,709 cubic feet per second ; at high water, 22,428 cubic feet 

8. Physical 

3rritory bet wren the canal and the river is mostly open ; a small district 

mer isbuilt up. In the northwest, the ground is as yet unimproved or 

:h Fcatterctl buildingH. In the southwest, the territory is converted into 

iter). Tbe greatest part of the city lies to the west of the canal ; the older 

.loRolv built u]), and has qiiit« narrow streets. This part is surrounde<l by 

5 old lino of fortiticatiou*— 1,000 to 1,5(K) feet wide, called the "Riug,^ 

ow a comparatively ouen space, containing promenades and the main gov- 

nd other buildingH. Outside of the "Ring" the territory is again closely 

1 all dirtictionsto the limitsof the town. The pavementH are granite blocks, 

tly have been replaced by asphalt to some extent. In open territory they 

laDi. 

B.— Management of Public Works. 

blic works are under a " general director." The separate departments are as 

rchitecture, for i>iiblif> buildings and grounds. 
Vater supply. 

tivcrs, canals, and sewerage ; headed by a chief enpneer, with a staff of two 
al assistants, one for each half of the city, eight assistants for general design 
dntenauce, and a largo staff of clerks and inspectors. 
Streets and bridges, and 
Kire department. 

yearly budget is about $8,000,000. New works, as well as the maintenance of 
ng works, are done by contract. 

C— Design and Construction of Sewerage Works. 

1. General system and alignment, 

mnbined water-carriage, with some dry removal, which is gradually being aban- 
led. Svstem is not satisfactory on account of many old and improperly designed 
tks. New works are gradually replacing and supplementing them. Since 1859 the 
■tion has received systematic treatment. All sewage discharges into the Donaa 
mJ. At present there is a project to build an intercepting sewer along its entire 
Item bank, discharging into the Danube several miles below the city. The Wiea 
^r is preserved from contamination by an intercepting sewer on each shore ; a 
ird one protects the extensive Hat ground in the south mim the storm-water of the 
ijoinins high grounds. The rest of the sewers are along the valley lines, several of 
Mm inclosing creeks originating in adjacent mountains. 

2. Depth and grade of scxcers. 

The depth of sewers beloAv the pavement varies in general from 10 feet to l.'> feet. 
The grades, on account of the undulating surface, are as a rule verv good. The 
nxiinum grade is 0.027 (1 : 37). The minimum grade is 0.0016 (1 : G08). 'The grade for 
bl intercept ing sewers is O.0iO22 (1 : 455). The common grades for ordinarv sewers 
wabout 1:100. 

3. Junctions^ connections, overflows^ outfalls, 

•^nnctiouH of 84;wer8 are usually built at 45°, or are tangential, with comparatively 
jjll radius. Sewers which are too large ever to get filled join the others at 70 to 90. 
^o house branches usually terminate at right angles, as in Paris, 
^erflows are built at various places in the two intercepting sewers along the Wien 

^r the i>roposed main interceptor alone the Donau Canal, overllows will be put 
*^«it« every valley-line sewer discharging into it. 

^^l the presi^nt outfalls are along the Donau Canal at different elevations, varying 
^ mean to ordinary high water. They are unsightly and obnoxious. 

4. Ventilation, 

^^ntilation is had by open grates in the manholes and partially through soil a? 
tiwater pipes of houses. 
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Odor in the old sewers, particularly those built of ronsh masonry, is very stio^ 
at aU times. The odor in tne new brick sewers, and especially in the concrete aeiren^ 
is, on the other hand, very slight. 

5. Man and lamp holeSf flushing Bhafts. 

Manholes are usually 2 feet square in section, 63 X 63 centimeters, increasing in 
'Size towards the bottom, if very deep. They are placed at intervals of about SOOreet 
apart and are all ventilating. Usually they are built directly over the sewers, but 
in very frequented streets they have side entrances from the sidewalks. The grating 
has holes 2 inches square by 3 inches to 4 inches deep, with one-half inch of metal be- 
tween. The iron stepping-rods are placed across tlie corners. There are no lamp- 
holes nor flushing shafts m use. 

6. GuXWw. 

The gullies vary in desi^ with the inlet. They are sometimes vertical, in the curb 
(Paris), with an opening finches by 12 inches, and sometimes horizontal, in the gut- 
ters, and covered with a grating. The latter is usually square in plan, measuring mym 
12^ inches to 18^ inches. Many gullies are supplied with catch-biisins, especially in 
the suburbs, aud they are rarely trapped. The connection with the sewer is by a 
branch, 3 to 4 feet high, having a good slope and a rectangular junction with the 
larger sewer. 

Tne gullies are placed in the block, not at street comers. The curbs are 12 inches 
to 14 inches broad, and their height above the gutter is generally 3 inches to 4 inches. 



No sewage is pumped. 



7. PMmjptfi^-atotioiM. 
8. Mw3dlaneou», 



9. Materials and amstniciion. 

Sewers are built of bricks and concrete. Pipes are also to be used in future. 

Bricks are of the best and are ordinary and wedge-shaped. In the arches bothkindJ* 
are used in alternating courses. Dimensions of the Austrian bricks are 11^ by 5i> b^ 
2i inches. The brick- work is built of concentric rings, between which is a heav^T 
coating of cement to render the work water-tight. 

Concrete sewers are built in preference whenever the cost is not too great. Tb^ 
centers are made of planed castiron, which gives the sewers a great degree of smooth" 
ness. The best Portland cement is used, in the proi>ortion of 1 to 2 of sand and 5 o^ 
etone Cement is carefully test the for every work. 

10. Statistics. 

Yards. 

Length of main sewers 59, 308 

Length of ordinary sewers 191, 933 

Length of house branches 429, 800 

681,041 
Or, 387 miles. 

III. IN HOUSKS. 

Cess-pools ai-e being abolished and water-closets introduced. 

House branches (passage-ways, as in Paris) are built from the sewer to the house. 
They are 6 feet to 3 feet 3 inches high and 2 feet wide. The excrements and the 
house water are turned into them, but on account of the slight fall they deposit, and 
must be drawn into the sewer with a scraping tool. It is urged at present to sub- 
stitute vitrified pipes for house branches. 

Up to 1867 they were cleaned at the owner's expense ; since, they are cleaned by 
the city. The length of these brick passage-ways is 245.4 miles. 

Number of cess-pools still remaining 836 

Number of buildings connected with sewers 10, 100 

IV. DISPOSAL or SRWAOE. 

The solid matter that is taken from the house branches and sewers, also the con- 
tents of cess-pools, are filled into barrels and carted to the "canal," where they are 
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.ibeed on lighters and towed to its Junction with the Danube and there discharged 
^ato the current. 

Sometimes small quantities are sold for a trifle as manure. 

The sewage discharges into the canal. 

At low- water its pollution is estimated at one part sewage to 3,500 parts river- 
; liter, ordinarily it is one part sewage to 5,800 parts river* water. Interception and 
inharge into Danube is contemplated. 

D.— Maintenance of Sewerage Wobkb. 

1. Appliances. 

The contents of cess-pools and the cleanings from the sewers are removed in casks 
if wood, strongly built and provided with tightly-fitting covers. These are again re- 
Bored on boats or scows specially constructed for the purpose. Both casks and 
ktts belong to the city. Besides, ordinary scraping and loading tools are used for 
deaning the sewers. 

2. Method. 

The house-passages or drains are cleaned by the city, as well as the sewers, the 
▼hole of which is done under one contract. The inspection is very thorough. The 
leaning is done at certain fixed periods. House-passages are scraped out once a 
Mith, cess-pools are emptied when they are three-quarters full. Sewers are cleaned 
at intervals varying with their grade. Those with a fall of less than 5 feet per 1,000 
•TO cleaned once a month, those with 5 to 10 feet per 1,000 every two months, all over 
10 feet per 1,000 everr three months. When deposits reach a greater depth chan 3 
uches, a special cleaning at intermediate times is required. 

Besides this regular cleauing, special cleaning may be done on private complaints. 
^6 inspectors must walk through the sewers of their districts and examine them 
•ftor each cleaning and report condition. Full records are kept of this work both 
«* aewers and houses. 

T^e cleaning is done at night between ten aud five o'clock, in winter to six o'clock, 
*n<l its extent is daily reported. 
AXl tilth, rubbish, &c., is loaded into casks and carted to the canal, where it is placed 
tpOfn boats, towed to the Danube, and there discharged. In the winter it is carted 
l^tblie Danube and discharged opposite the city. The casks must be quite filled and 
'^ «mpty ones returned in a clean condition. The cess-pools are emptied by pump- 
3kQ^ the contents into casks. After the cleaning of honse-passaees, they are slightly 
ft^^Aed with water. Sewers have no flushing arrangements, snon as pen-stocks, mov- 
ik^ dams, &c., although they are contemplated for the future. The contractors for 
nuintaining the sewers have also to free the outfalls in the Wien River or canal from 
olodectionable accumulations. 

Payments for cleaning are made in a cross sum for the year, with proi>ortionate in- 
CKoase or decrease for new or abandoned sewers or drains. 
In 1879 there was a length of 820 miles of sewers cleaned. 

E. — Cost of Sewerage Works. 

1. Management and maintenance. 

Annual cost of cleaning sewers $4*2, 475 

Annual cost of cleaning house-drains and cess-pools 63, 700 

Annual cost of repairing sewers (owing to many being old and dilapidated) 20,000 

126, 175 

The payments for new sewers are divided, so that property-owners bear one-third, 
I, IL. one-sixth on each side of street, and the city two-thirds of the expense. 

Tlie payments for cleaning house-drains, passages, and cess-pools are made by city, 
but the amount is reimbursed by owners in pro][>ortion to assessed value of property. 

2. Construction. 

Doet of sewers up to 1880, about $4,600,000 
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LIVERPOOL. 

A.— Statistics of Locality. 

1. Population. 



City proper 

Water supply and drainage district 
Average density per acre 



2. Area, 

City proper acres. .1 

Water supply and drainage district, about do. ..I 



3. DwellingSf ^o. 



Number of houses, in city, about. 
Inhabitants per house 



4. Water supply. 

From small rivers, creeks, and a few wells, averages 17,750,000 gallons per 
32. 3 gallons per head. 

5. Mortaliiy. 



Mean for twelve years. 
In 



1879 



6. Meteorological, 



FiM 



Temperature, mean (1878) * 

Maximum (1878) 

Minimum (1878) v 

Mean of daily maximum (1878) 

Mean of daily minimum (1878) 

Bain, 189 days (1878) inches.. 

Mean humidity (1878) 

Greatest observed rainfall, .75 inches per hour, or 0.013 inches per minute. 
Frost, mean, 18 inches ; maximum, 24 inches. 

7. Topographical, 

Situate on right or east bank of river Mersey, a few miles from its mouth. Tl 
is upon undulating ground, which rises rapidly toward the east and northea6t| left 
elevations of 175 feet in the northern and 248 in the southern pai*t. 

The entire river front is taken up with extensive docks. City datum is 6 lb 
low mean tide. 

Tides in Mersey : 

Extraordinary high tide, + 25 feet. 

Average high* water, equinoctial spring tides -f- ^1 f^^t 1 inch. 

Mean nigh water, -f 1^ ^^^^ ^ inches. 

Mean tide- level, -f- 5 feet inches. 

Mean low water, — 5 feet 6 inches. 

Average low water, equinoctial spring tides, — 10 feet 4 inches. 

8. Physical, 

The central and eastern parts are closelv built up, also those along the river. 
The southeastern parts contain the parks and much garden area. 
The streets have granite and trap-block pavements of excellent quality, and a 
quantity of wood pavements. 

9. Geological. 

The city is located an red sandstone, which generally rises to within a tsw I 
the surface. At places it is covered with loam and gravel. 
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iTation for sewers is usually in rook, bat this is generally soft enough to be 
or wedged off. 

B.— Management of Public Works. 

reit-v engineer is in charge of sewers, streets, including tramways, and the res^s- 
oi property. He is assisted by 15 engineers and 25 clerks. There is 1 chief 
and 5 district inspectors, each with several foremen, for maintenance and 
ion of sewers and house-drains. 

water supply is under a special department, with chief engineer and corps. 

C— Design and Construction of Sewerage Works. 

I. general system and alignment. 

mbLned water-carria^o with discharge directly into river. The alignment of the 
. ae'^ers is a combination of interception and valley-line drainage. There are nine 
fts into the river along a front of 5 miles. Two sewers, one discharging at each of 
xtreme ends of the city, nearly follow the municipal boundary until they almost 
, after encircling the town, at an elevation of 200 feet. They are intercepting 
n for the greater part of their length. The water from the rapidly sloping ground 
e northern part of the town has also been intercepted bv three mains, to prevent 
scnmalation and flooding the flatter districte, but lower down they are valley-line 
ra. The extensive series of connected docks fronting the city has also made in- 
ption advisable along the wharves to a great extent, and with but few outlets, 
remaining sewers act as natural valley sewers. 

le aystem of alignment pursued with regard to the house is the so-called ''back 
im^,'' by which the sewers are led tbrou^jh the back' alleys instead of the front 
itoy and thus not necessitating the house pipes to pass through or under the cellars^ 
pi in rare cases. 

le lowest portions of the sewers are regularly filled with back-water, on account 
IS neat tidal range, but they have a good grade and discharge completely above 
feiM. 

II. IN STREETS, ETC. 

1. Shape and size of sewers, 

I sewers are egg-shaped, except a few outfalls, which are circular. Pipes (9 
isa and 12 inches diameter) are rarely used, except in the back passages and for 
le connections. 

be sizes of sewers are calculated according to £y telwein's formula, when necessary, 
■a the outlets are all constructed, it is preferred to use Judgment and proportion 
■ding to sewers already built. The least and ordinary sizes are 3 feet by 2 feet 
Ibot 10 inches. The invert is formed by a 6-inch radius. The largest sewers are 
Bt by 4 feet, save a few in the dock estate, which are 7 feet by 6 feet. 

2. Depth and grades, 

he depth of sewers in the street is from 13 feet to 14 feet; in back passages from 
Bt to 12 feet. 

he grades of the sewers, owing to the topography, are rather heavy, ranging ordi- 
Dly from 6 inches to 2 feet and even 3 feet per nundred. 

3. Junctions^ conneciionSf overflows, and outfalls, 

unctions of large sewers are usually made in a chamber covered by a funnel- 

ped arch. Pipe-sewers are joined in manholes. When pipe-sewers from back 

lets or houses join u brick sewer, they are brought in at 45^, either by a slant pipe 

k block. 

lie connecting jtieccs are built into the sewer opposite every house and back street ; 

ot directly used thoy are temporarily closed by a plate cut out of slate. 

Iiere are no overflows, as most of the sewers are along the valley lines, or are suf- 

•ntly large to take all of the rain-water. 

lie oatfafis ioto the river, of which there are 9, discharge from the end of piers 

Mtly inte the Mersey at different elevations. Six of them have elevations varying 

b 6 inches above to 5 feet 4 inches below mean low water ; 3 from 10 feet 3 inches 

II feet 4 inches above mean low water. 
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ni. IN HOUSES. 

•pools have been abolished and carefully cleaned and filled up. Water-carriage 

mlsory for all houses. 

B for the house drainage are sabject to the approval, and their execution to the 

iion, of the department. 

system of back drainage is preferred, bv which the house pipes run to a back 

ito 12-inch pipes, which discnarge into tne brick sewers on the street. 

main pipe of the house is usually 6 inches in diameter, sometimes 8 inches and 

iB. Pipes are rarely laid under or through the houses. 

-wat^r and soil-pipes are carried down outside the house, the first into a dis- 

ting manhole, the latter directly into the sewer, and its other end is taken above 

7'es. Water-traps are used against the soil-pipe ; the disconnecting manhole 

ped against the sewer. 

IV. DISPOSAL OF SEWAGE. 

lewago is discharged outside of the docks into the Mersey at all times. The 
i of water passing the city at both tides is too great to make any pollution 
rble. 

D.~Maintenancb of Sewerage Works. 

1. Appliances. 

18 are cleaned almost entirely by flushing. Pen-stocks are used for the larger 
, iron flush- tanks mounted on wheels and holding 250 cubic feet for smaller 

I trucks gauged to run on the inverts and to carry silt-buckets, also small 
8 placed on wheels to lift them out are used. 

* 

2. Method. 

J sewer is flushed at least once in three months. The ffood grades do not allow 
Leposit. In a few localities, especially where heavy grades change to light ones, 
rers must be cleaned by hand. 

tiighest sewers are generally flushed first. The flush-tanks are taken above the 
le or shafts, and their contents (250 cubic feet) are discharged through an 
P in the bottom in fifteen seconds. Where flushing does not suffice, the silt, 
IS mostly sand, is thrown into buckets placed on small trucks in the sewer, 
to the manhole and lifted out by means ofa small transportable derrick. The 
are in a fair condition. There is much repairing done to the inverts on heavy 
and to the older sewers, to give them regular and smooth surfaces. 

E.— Cost of Sewerage Works. 

1. Management and maintenanoe, 

rtment expenses for maintaining and repairing sewerage works are about 

annuallv. 

lal cost of flashing sewers, alone, |20,000. 

2. Construction, 

iverage cost of a 3 feet by 2 feet sewer, with 21 feet depth of cutting, is |5per 

g foot. 

•r is ])aid for at $6 per week. 

cs, ordinary and wedge-shaped, average |7.20 per 1,000. 

e-connecting blocks cost f 1.70 apiece. 
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HAMBURG. 
A.— Statistics of Logalitt. 

1. Population. 

Hamburg State 

City proper, inolading Altona • 

Bout up and seweied portion of Hamburg alone , 

Inhabitants in old city , 

Density of population in southeastern section per aoie..' 

Density in other sections decreases to per acie.. 

Average density for city and suburbs per acie . « 

8. Area, 

Hamburg State acres.. 

Built up area of city acres.. 

Area sewered acres... 

3. Number <nf houBes, 

Total, about ^ 

Li old city 

In old city : average number of dwellings per house, 6.5, and 4.3 pen 
dwelling. 

4. Water 9upply, 

From river Elbe, filtered. 

Consumption, maximum cubic meters. 

Average cubic meters. 

Daily average, 46 gallons per head. 



5. Mortality, 



Average for 10 years 

1879 Tf : 



6. Meteorologioal. 



Temperature, yearly mean 

Greatest maximum 

Greatest minimum 

Mean of maximum, summer months 

Mean of minimum, winter montlis 

Ordinary yearly maximum 

Ordinary yearly minimum 

Mean range yearly 

Average yearly rainfall (10 years) 27f inches. 

Greatest observed rainfall, 21 millimeters in 45 minutes, 0.0184 inch per 
Frost penetrates usually 1 meter (40 inches). 
Prevailing winds, west. 

7. Topographical. 

Situate on right and north bank of the river Elbe, about 63 miles above iti 
Tlie city is bisected by a creek, the Alster, which has been transformed into 
gable canal in the central city, and forms two lakes (l>a8ins) in the northen 
the city. The western and northwestern sections of Hamburg comprise thel 
tricts (Geest), reaching elevations of 230 feet ; the eastern section is low 
great extent guarded against high tides by dikes and relieved of subsoil i 
wind-])umps. 

Back flow of high tide into the Alster is prevented by two dams, now street 
the valley at 12 feet 3 inches above ordinary high water. The level of tk 
basins is kept constant at 5 feet 1 inch above ordinary high water. 

Mean discnarge of Alster is 160 cubic feet per second. 

Minimum discharge of Alster is 70 cubic feet per second. 
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tdtnary high water of Elhe ahove datnin +17' V* 

binary low water -j-lO'd" 

Minary mean range 6' 1" 

Bghest known tide, 1825 -fas' 8" 

<owest known tide 4- 1' 

Diacharge of northern arm of the Elbe at low water is 3,532 feet per second. 

6. Pkyaioal, 

Densely built-up sectionB, with narrow streets, are situated near the Elbe andeast- 
n part of the town. In the northwest part there are considerable spaces quite open, 
id used as parks, promenades, zoological garden, &c. 

Streets in the newer sections are oi moderate widths. Pavements are of granite 
ocks. The suburbs are open, with much garden area and macadamized rosSls. 

9. Geological, 

The southern and old part of the city is built on allavial sands and clay ; the west- 
n and northern part, in the higher sections, consist of dilnvial and tertiary forma- 
lins cropping out as sand, gravel, clay, and marl; the eastern, low and marshy dis- 
iets, are formed of heavy deposits of sand and peat. 

B.— Managebient op Pubuc Works. 

Public works are under control of a building commission, consisting of 3 members 
f the Senate and 10 private citizens. 

There are three departments : I. River and harbor works ; II. City water supply; 
ndlll. Architecture and engineering. The latter is divided into two sections: a. 
JtMtectnre, which is under the supervision of a chief architect and director for all 
mblic buildings, with 6 architects, 1 registrar, 2 clerks, and attendants. 

h. Engineering, for the design, construction, and maintenance of streets, parks, 
oidges, and sewers, and for surveys. This section is superintended by a chief en- 
(ineer (who is also chief engineer for the water supply department, II). There are 5 
ilristaDt engineers, 1 registrar, 2 clerks, &c., at a central bureau, besides a staff for 
i districts of the city consisting of 4 division engineers, 5 clerks, and 10 inspectors, 
^addition, there is a survey bureau, with 1 chleT surveyor, 1 chief clerk, 11 survey- 
n, and 2 draughtsmen ; also a bookkeeping bureau for engineering section with 1 
wretary, 1 bookkeeper, 2 clerks, and 1 messenger. Besides this stSS at the offices, 
3ine are 72 foremen, flushers, keepers, &c., for maintenance of sewerage works. The 
itter are generally bnilt by contract. 

Water supply is not furnished on streets without sewers. 

C— Design and Constkuction op Sewerage Works. 

I. GENERAL SYSTEM AND ALIGNMENT. 

Combined water carriage with discharge into the northern arm of the Elbe. From 
M irregularity in the topography, the alignment is somewhat •omplicated. There 
Wfour drainage districts. The old city, draine<l between 1843 and 1860, with direct 
Itlets into the river; tb« Geest system, more recently built for the areas draining 
irto the Alster basins ; the Hammerbrook flats, which are below high- water level and 
NHn which the sewaj^e is pumped and discharged through the Gteest main sewer ; and, 
lUlly, the valley which forms the boundary between Hamburg and Altona. The 
tecst Bystfin is ii)ttTroj>tin;:, the Ilaminerl>rook is radial, the rest are valley-line sys- 
bum. The Rcwors can nearly all be walked through, pipe-sewers being rarely used, 
*cept for house-brancbefl. 

Dead ends are avoided as much as possible (Lindley principle) by connection with 
tber sewers or stacks. System wjis designed by Mr. W. Lindley in 1843. Recent 
arks by Mr. A. F. Meyer.* 

II. IN STREETS, ETC. 

1. Shape and size of seiners. 

Pipes are used only for house drains. Brick sewers are all egg-shaped, except the 
tarcepting sewers, which are circular. The size is calculated according to Eytel- 
tin's lormula, the data being a rainfall of 25 millimeteiB (1 inch)of rainm84houz«^ 
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of which two-thirds 18 to flow into se wore. This refers maiuly to the intercepting 
sewers. The minimum aizcs of tlie ordinary newers are lar^^e cuouj^h to be wailiea 
through, whiUs on the other hand, ovortlowH into the Alnter or canals are providetl 
wherever possible. The amount of sewage calculated is 39^ gallons pur head perdiij, 
ono-hulf to flow off iu 9 houre. The sewers are divided into 10 classes, according to 
size. The largest (Oeest main collector) is circuhir and 10 feiit in diameter; the r«st 
range from 8| feet by 7 f«*et tf> '.\ feet by 2 feet. 

2. Depth and grade. 

The depth of the sewers is generally 10 to 1(> feet below the pavement. In Altona 
it averages 10 feet. The niininiuni grades aiv I : :<,000, which is the grade of the GeesI 
main sewer for nearly h miles. When half full it has a surface velocity f>f 1 meter 
per second. The smaller sewers have grades up to 1: 100, in some eases even more. 

'^. Juuct'uniSj comuctioHSy ovirJloiViff outfalls. 

The junctions of sewers are mad<» '.'i^h funnel arches and easy curves. 

ComuM^tious with house tlra ins are n»a<le with i>ipes at the spring, set in at an angle. 

Overflows are jdaced at various jjoints along the Alster basin and th(j canals. 

The outfall sewers into the VA\m art^ provide*! with self-closing gates. t<» prevent 
flood- waters from backing into them. They act then as reservoirs for the sewajje. 

In case of ])rolonge<l high wat(!r in the river i\u* entire sewage can be run iuUj tho, 
canals, an<l thus relic vt^ the sewers. 

The outfalls of thcGeest main sewei*s and others are submerged and <lischargeintol 
the current through timber twin sewers '2*^0 feet an<l VM) feet long, sunk to a dei»tln»f| 
21 feet below low water. 

4. Ventilation. 

The ventilation is very thorougli. The n-.an-holes ar<^ ventilating, and between 
them 120 to 'MO feet a])art, are special shafts for ventilation, 12 inches diameter, rov«i 
ered by a square grating. The street inlets an^ all without traps, and the soilHiidl 
rain-water i»ipes of the houses also a<'t as ventilators. The odor in the Hainl>iii|( 
sewers is v*^y slight, and rarely penreptibh? at the surface openings. 

r>. Alan-holeftj lamp holea, flmshinfi'Shaftn. 

Man-holes are circular, .0^ meters ('.I feet) diameter, and are placed 350 to 450 feet 
apart. In frequented streets they always have side entrances with double cover 
(Loudon). In others the num-holes are directly over the sew(?r. The cover is an open , 
grating with no basin to catch dirt. There are no lamp-holes nor llushing-8hafls| 
used. 

0. Gullies. 

They are situated in the gutter having a horizontal grating, 17 inches by ISinchefc, 
The dej)th of curb at the inlet is 7 inches, at other points it diminishes to 4 inches anil 
3 inches. There are two dillerent designs, one with a catch-b;u*in, for streets havin£j 
macadam in the center, the sides only being paved, and one with a circular necK! 
leading from the grating by a vertical curve directly into the sewer, for all strecti 
completely ])aved. The catch-basin, in the tirst case, is 17 inches squan*, it is 4 feet 
deep below the surface an<l KJ inches below the outlet, which is a terra-cotta pipe 9 
inches diameter leading into the sower. The more common inh^t is tlie circular neck, 
12 inches diameter, built of brick. To fit it ])roperly at the surface the inm box hold- 
ing the grating is drawn in at the bottom to form a circle also of 12 inches diameter^ 
All inlets are without trai»8. It is usual to put a man-hole or ventilating-shaft n< 
the gully, so that the circulation in the latter is generally downward, their coune 
tion with the sewer being at the spring. Inlets are generally placed 140 feet apJ 
and rarely at street intersections. 

7. Pumping'Stations. 

All the sewage from the Hammerbrook lowlands is pumped into the Geest intc 
cepting sewer by two engines of GO horse-power, each driving one centrifugal pnmj 
and raising the sewage H feet 10 inches. The works have only recently been finishc 

8. Miscellaneous . 

The sewage crosses the Alster and the canals at various points by inverted siphonij 
of cast and wroaght iron, and also one of masonry. They have caused no troubl 
in any way. 
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9. Materials and construction, 

8 are all built of bricks of good quality, pipes being used only for house con- 
L The courses of bricks are concentric rings with a coat of strong mortar 
i, to make them impervious to water. 

irger sewers, from 5 feet 6 inches to 8 feet 6 inches high, have three courses in 
trt, extending above the spring. The Greest main sewer, circular and in tun- 
four complete rings. The sizes smaller than 5 feet hich have two rings, 
ihaped bricks are used for the inside ring of the arch and invert. The con- 
of the inlets with the sewers is made of pipe when they have a catch-basin 
L of a 4-inch ring of brick when leskding directlv to the sewer, 
ibmerged sewer outlets are of timber, securely framed and bolted, 
md cement is used for mortar, in proportion of 1 :3 of sand. 
>rk is done by contract. Sewers are bid for by the running meter, with unit 
ttached for a variation of original quantities. 

10. Statistics, 
ngth of sewers : 

Yards. 

n and intercepting 26, 889 

Qch sewers 202,931 

(eest main collector is 3,390 yards long and tunneled for nine-tenths of its 
It receives the sewage from 200,000 persons, including 35,000 water-closets, 
ers of Altona are 27,^ yards long. 

UI. IN HOUSES. 

K>ols are prohibited. Where there are no sewers, casks are ordered for the re- 
and removal of excrements. Their number is quite small. Where sewers are 
treet or being built, connection for sewaee and rain-water removal is corn- 
Water-closets are not obligatory, but aunost always used.- 
onse pipes are laid up to the curb line by the department. The remaining 
y be done by the owner, but under its supervision. 

> pipes must be of iron, vitrified clay, or cement. All closets, sinks, bath- 
MBstands, &c., must each have a secure trap. The soil pipeis are earned 
the roof for sewer ventilation. 

IV. DISPOSAL OF SEWAGE. 

wage is discharged into the Elbe, under water, into the current, 
swers from Sanct Pauli and Altona discharge above highest tides ; the Geest 
wer and the others at ordinary high water. When tides rise above -|- 17 feet 
» their lower ends act as temporary reservoirs for sewage. The quantity of 
ischarced by the Norder Elbe, which receives the sewage^ is 131 cubic yards 
md at Tow water. For a population of 800,000, by calculating 52.8 gallons per 
r day, there are 528 gallons of sewage per second, which ffives a proportion of 
ewage to 50 parts river- water, even with this unfavorable selection of data. 

D.— Maintenance of Sewerage Works. 

1. Appliances, 

« are almost exclusively cleaned by flushing. Pen-stocks, gates, dtc, are used 
ent patterns; some are raised vertically, some are hinged on the side, with 
r for the smaller and two for the larger sewers. They are placed at intervals 
Qg 500—1,000 feet apart. 

2. Methods, 

B below the level of the Alster basin, which is 11 feet above low tide in the 
re flushed with its water, which is led into the system at various points. The 
.bove the level are ilnshcd by a continuous damming up of the sewage. Water 
5 city supply is seldom used. At the highest points of ea<*h system the sewers 
sservoirs for subsoil water, which is stored and used for flushing. 
>w sewers of the Il.immerbrook are flushed by water from the canals. The 
is done by day's work by the department. There are twenty flushers (1 man 
lea of sewers) who attend to it, including the closing of tide-gates. 
irers are inspected and tlushed at least once every three months, when a de- 
Jtam of their condition is made. The greater number are inspected every 9 

4429 N B II 12 
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to 10 weeks. Sewers below the Alster basin are flashed regularly twice a week, ( 
aooording to necessity. The men begin to flush at the lower end and work up 
The sewers are nnnsoally clean, although many have been 30 to 35 years in use 
disagreeable odor was perceptible in a 4-foot sewer 4 days after flushing. 

E. — Cost of Sewerage Works. 

1. Management and maintenance. 

Department for engineering, annual: 

Salaries at office |i 

Pensions 

Office expenses 

Maintenance of sewers 

Pumping station, Hammerbrook 

Other works of department A 

General expenses, printing, library, &o 

Total.- a 

Assessments upon properties for sewer construction are as follows : If prop< 
improved it is (1.58 per foot flront ; if unimproved, 68 cents per foot fh>nt, ba' 
an additional payment at the time of improvement. For corner lots payment 
lected only from the larger front. If a division of property subsequently take 
a readjustment of the assessment is required, ana respectively an additiona 
ment. Comer lots bounded by sewers on three sides pay for one front only, i 
larger than the two others. If it is equal or smaller, the assessment is col 
from the two shorter sides. If the property runs through a lot to another stre 
sewers are built on both, the owner pays ouly for the larger front of the two. 
he has a connection to both sowers. If connection was made at the shorter aide 
upon building the sewer on the longer side the diflference is collected. If prop 
entirely surrounded by streets having sewers, it is considered like two come 
payment being collected for the two longest fronts. 

Property -owners pay $1.50 for making the sewer connection ; also the cost i 
pairing sidewalks. 

2. Construction, 

The main sewers have cost f 1, 8 

The branch sewers 2,3 

Total 4.» 

The sewers of Altona have cost |259,500. 



FRANKFORT ON THE MAIN. 
A. — Statistics of Locality. 

1. Population. 

Year 1880 II 

Contributing to sewers 1 

2. Area, 

City, including river 

Closely built up sections : 

North of river 

South of river 

Suburbs, north of river 

Suburbs, south of river 

City parks, promenades, and gardens 

Farm land and meadows 

River 

Area supplied with sewerage 

3. DwellingSj ^o. 

Number of houses 

Number of dwellings to one house, average 
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4. Water aupplff. 
moantain creeks by gravity. Average daily qoantitiyi 4^226,000 ; 31 gallons 

5. Mortalitjf, 

-1830 24.5 

-1B40 22.0 

1850 19.9 

17.6 

ro 19.1 

21.0 

6. Meteorological, 

Fftbrenheit. 

iture^ mean annnal 49. 60 

monthly average (July) 67. 30 

5-day mean (July) 68.86 

monthly average (January) 31. 80 

5-day mean (January) 30. 40 

dling wiuds, southwest. 

penetrates usually 40 inches ; in 1880, January, 52 inches. 

rainfall^ 2 inches, 
mm rainfalls : 

1073, Jnly G, 30.5 millimeters in 60 minutes =0.0201 inch per minute. 

18^, Jnly 4, 40 millimeters in 100 minutes = 0.0157 inch per minute. 

1876, April 2, 18 millimeters in 40 minutes =0.0177 inch per minute. 

* 

7. Topographical, 

ite on both banks of river Main, 21 miles above its confluence with the Rhine, 
ifiver runs westwardly, and the main part of the town is on the northern bank. 
Ite ground rises gradually from the river, which, during fireshets, floods consider- 
portions. It then forms a plateau on both sides of river, rising from 15 to 30 
fA>ove low water. In the extreme northern and southern parts of the town the 
md rises rapidly several hundred feet. The mean flow of the Main is estimated 
^180 cabic feet per second. Low water at Frankfort is 294 feet above sea. 

8. Phyeical, 

Ihe old city, which forms a comparatively small part, is very densely built up, 
Mfii very narrow streets and no garden areas. The newer districts and the suburbs 
iMypen^ with gardens, public and private ; on the site of the old fortifications and 
bst are promenades surrounding the city. Streets are paved with stone blocks ; in 
Issaborbs they are macadamized. 

9. Geological. 

The lower districts are formed of layers of alluvial sand ^often quicksand 10 feet 

E^), loam, and muck ; the higher grounds are diluvial, with a tough yellow clay, 
II and sandy clay near the surface. The west end of the lower town is built on 
old marsh. Subsoil water is abundant, and its level, formerly higher than the 
Mran, is now kept by them at a lower and more constant height. 

B.— Management of Public Works. 

Tlie works are managed by several departments, each one of which is under imme- 
Ipto supervision of a committee of city councils and its salaried chairman. There 

Ete regular departments: Streets and parks, Architectnre, and Water-supply, 
rerage works are under a special department (temporary), also supervised by 
ittee. It is in charge of a chief engineer, and is subdivided into 3 bureaos. 
'X Construction and maintenance, with 8 officers. 
u. House drainage, with 3 officers. 
m. Surveys and registry, with 20 officers. 

Wben works are being constructed additional engineers and inspectors are employed, 
•Mrding to necessity. For maintenance of sewers, 2 foremen, 8 to 10 men, and 2 teams 
H constantly engaged. 
lew works are executed under contracts, with intelligent and strict inspection. 
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C— DssiON AND Construction of Sewerage Works. 



I. GENERAL SYSTEM AND AUGNMENT. 



I _ 

I 



Combined water-carriage with present discharge into main. Sewage farms. 
poMd. 

The nrstem of alignment is that of interception. The territory is divided into 
the high and the low, districts. The latter is situated along the river, and covi ^ 
area where cellars are affected by flood- waters ; the former comprises the te: 
above a contour 38 feet above low water. 

The hiffh system is divided into bands nearly parallel with the river, each of 
it drained by an intercepting sewer near its lower contour. All the high-level 
oeptors unite to form a main outfall-sewer. At present it usually discharges in 
low-level outfall-sewer, except during times of heavy rain, when the sewage is 
through an inverted siphon under the latter directly into the Main. 

Storm- water overflow-sewers are carried to the river at various x>oints. When 
ing the low district they are laid in the highest streets and discharge as high as 
ble. The outfall for the lower svstem was located at a point below the town 
the high water in the river is 8 feet lower than opposite the center of the town, 
the sewer has a less grade than the river, a lowering of the drainage level of 3 ' 
the lowest districts is obtained. 

Dead ends are entirely avoided. Every sewer of the lower and upper sy 
united with one next above it, and finally, at the highest point, with a venti 
stack, of which there are two, one in the eastern ana one in the western part 
town. The Junctions of the lower with the higher system are securely guarded 
pen-stocks (only to be opened for flushing), to prevent a flooding of the low df 
by water fi^om the upper one at high stages of the river. The system was dei 
by Mr. W. Lindley, ana work "was commenced in 1863. It is substantially compi 
except portions of the lower district. 

II. IN STREkTS, ETC. 

1. Shape and $Ue of tewen. 

Pipe sewers are used in sizes of 12 inches and 15 inches diameter. All 
sewers are of brick and eg^-shaped, except some of the overflow sewers, whiol 
circular. The smallest bnck sewers are 2 feet 10 inches by 1 foot 11 inches, 
sices were governed by three considerations : First, by a maximum quantity of 
be carried off; secondly) hy convenience of construction, as it was found pre: 
in the many streets which required tunneling to fill the entire space by a brick 
2 feet 10 inches by 1 foot 11 inches, instead of by a small pipe, even where the 
would have been sufficiently large, and to pack the remaining space with < 
thirdly, by the gi^e, for the convenience of cleaning. The intercepting se 
are calculated to receive a rainfall equivalent to i inch in 24 hours plus a daily 
of sewage of 36.7 gallons ner person. The overflow sewers are intended to re) 
an amount equal to 6 mulimeters (^inch) per hour, and the various other se 
brancbing off from the main interceptors to the lower areas will carry any addi'^' 
amount of rain-water that may require underground conveyance, which is ~ 
necessary. 

The formula used for calculating the capacity is, in meters : 

Log. sin. of slope = log. coeff. -|- 1.8 log, mean velocity — 1.25 log. mean radioft 

Vl.8 

or » = 

rl.25 

Values for coefficient o are as follows: 

Cast-iron and terra-cotta 00018 

Brick 00030 to .00025 

(The coefficient also increases as sewage becomes more concentrated.) 

The consideration for cleaning gave the following minimum sizes : 

When grade is less than 1 : 500, then size is at least 4 feet 8 inches by 3 feet ; wk 

grade is between 1 : 500 and 1 : 100, size is 2 feet by 3 feet ; for grades over 1 : 100, pi] 

i2 inches and 15 inches diameter are the smallest sizes used. 
The ordinary mean velocity in the mains is about 16 inches per second. 
Subsoil water is allowed to enter the sewers at certain points. 
About 15 per cent, of all sewers are 12-inch and 15-inch pipes. About 55 per OS 

are brick, 2 feet 10 inclies by 1 foot 11 inches. About 30 per cent, are larger ths; 

feet 10 inches by 1 foot 11 inches, and also of brick. 



REPORT OF THE NATIONAL BOARD OF HEALTH. 181 

fiiain northern outfall sewer is 6 feet 3 inches by 4 feet 7 inches. The main 
■ptors ore 5 feet by 3 feet 3 Inches, and 4 feet 3 inches by 2 feet 9 inches, and 
3 inches by 2 feet 2 inches. The branch sewers are 2 feet 10 inches by 1 foot 11 

2. Depth and grade of sewers, 

» depth of the sewers is below the lowest cellars. The ordinary depth of cellars 

et 5 inches, and least depth of sewers is usually 13 feet 1 inch. The greatest 

te nsaally 19 feet 8 inches. The limits in a few instances are 8 feet and 33 

Bid the average depth is calculated at 17 feet. 

minimum crade adopted is 1 : 2,000, as, for the main low level intercepting 

, The grades for the other sewers vary from 1 : 1,000 to 1 : 50. 

rer intercepting sewers fall from 1:800 to 1:600 ; upper intercepting sewers from 

to 1:100. When the grades are ^eater than 1:100, especially when the soil \a 

^Ipe6 are used in preference to brick sewers. 

3. Junctione, connectumSj overflowSf and outfalls. 

etions of brick sewers are all made by tangential curves, with large radii, and 
nber with a funnel arch. They arc placed at such relative heights as to bring 
dinary flow in each branch to the same level. Pipe sewers are joined in aman- 

M connections are made with blocks built into the sewer, at an angle of dis- 
» of 45°. They are generally placed at the level of the ordinary flow of sewage, 
er to avoid a drop, and therefore irregular flow and deposit, and are built into 
wer at every property, and temporarily closed if not used, 
icoonnt of the peculiar system of alignment, by which all branches are Joined 
igher intercepting sewer,' and as the branches are to a great extent built 3 feet 
iet, or much larger than is necessary for the sewage alone, these branches can be 
B overflows for the intercepting sewers. Besides, however, there are special 
>w-8ewers carried down to the river at various points. Thev cross the inter- 
g sewers, generallv by inverted siphons, and then receive their surplus water, 
passing through tlie low districts they are laid in the highest streets, to avoid 
ig. Where the main outfalls unite there is also an overflow into the river. The 
Lb to the system, of which there are to be two on each side of the river, one for 
w and one for the high district, are so arranged that the high district outfalls 
it below the city, and discharge freely at high water, whereas the lower out- 
re over 3,000 feet below, in order to utilize the greater fall of the river, and 
ower the depth of the sewers in the town. The latter discharge freely during 
renths of the year. The outfall is carried 130 feet from shore on the bed of the 
•nd. discharges into the current. 

4. Ventilation, 

1 ventilation is through : a, rain-water pipes, 4^ inches diameter, whenever the 

02 is not near a garret window. 

loil-pipes, 5 to 8 inches diameter, extending above roof. 

itreet ventilating shafts, 10 inches diameter, of earthen-ware, in all broad streets, 
chambers, junctions, or wherever summts occur; occasionally man-holes are 
lating. 

[Vo special shafts at two of the highest points in the system. They are 115 feet 
and have a sectional area of several square yards. 

L small uunibtT of factories have agreed to draw the air for the furnaces from the 
8. The odor iu the Frankfort sewers is exceedingly slight ; even in the ventila- 
ihafts it wa« not very strong on a cool an<l rainy October day. 

5. Alan-holeSf lamp-holeSy and flushing^shafts. 

a-holes are generally built with side entrances, except in narrow streets and for 
lewers, wheii they are directly over them. In the latter case they are circular 
ccasionally ventilating. In the former case they have a passage-way 2 meters 
neter from the si'wer to the sidewalk, with a shaft ascending to it which is closed 
lonble cover, such as used in Hamburg and London. Man-holes are placed at 
; intersecti<ms ; otherwise, every 540 to (iOO feet apart for sowers of 5 and 3^ feet 
irger, and every 250 to 300 feet f<»r sewers 3 by 2 feet, but generally at bends, 
wholes are 9 inches diameter and 100 to 120 feet apart and are placed along pipe 
« between the man-holes. They have a catch-basin at the surface and are ven- 
Qg. There are no flushing-shafts necessary for the system. 
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6. Gutlies, 

Oollies are placed in the gutters and have a horizontal grating 18 inches 
inches. The cast-iron head is au oblong box, on which the grating is place< 
which narrows to an elliptical fnnnel at u depth of 12 inches where it is 6 incl 
10 inches in diameter. The head-piece rests on a terra-cotta or iron basin 18 i 
diameter extending 7 feet 8 inches below the surface. At a depth of 4 feet 8 i 
there is an outlet-pipe 6 inches diameter, which ruuning upward for a shoi 
tance forms a trap. An iron bucket is placed into the basin to catch the silt. 
15 inches in diameter and 2 feet 6 inches high, is perforated by a large numi 
holes at the top, and can be lifted out by a handle. The gullies are placed at 
vals of 120 to 150 feet apart. 

7. Pumping siaHoM, 

No sewage is pumped. 

8. Misoellaneoua structures. 

At the highest point of each system is a flushing reservoir in which the si 
water is collected and stored. There are four in number and they are circular o 
shaped in section, vary in length from 750 to 050 feet, and are about 12 feet to 1 
below surface. Their total capacity is 2,700 cubic yards. 

9. Materials and construction. 

The sewers are built of brick and of vitrified pipe. The materials are of th 
obtainable quality. They are carefully examined and every load of cement is t 
The materials are bought by the city and furnished to the contractors. The a 
is mixed into mortar by city labor. 

Wedge-shaped bricks are used for arches, measuring 0| inches by 4f inches b 
3 inches for all diameters, Bricks molded to circular curves (both header 
stretchers) are used for man-holes, and rectangular bricks with rounded edg 
side entrances, &>c. The size of ordinary bricks is 9f inches by 4f inches by 2i n 
Brick sewers of 3 feet horizontal diameter and larger are built of two rings of 
(10 inches). Smaller sewers are built of one ring. Invert blocks are quit-o gen 
used. They are of terra-cotta mostly ; now, concrete is preferred and cut stanc 
on curves. 

Great care is taken to make the inside surface of the brick- work as smooth a 
sible by careful lining, accurate centers, and smooth joints. Where the subsoil- 
was highj parts of the sewer were laid dry. The reservoirs for collecting si 
water are laid dry up to the springing line. 

Pipe sewers are built of carefully selected and gauged lengths. Half-socket 
are preferred to others. The Joints are made with well puddled blue clay, : 
with mortar. The mortar is mixed of Portland cement and river sand in prop< 
of 1 : 4. 

A large portion of the sewers was built by tunneling on account of their dept 
narrow streets, and the uncei'tainty of the soil. 

Connection-blocks for house drainage are rectangular with a 45° inlet. Th( 
terra-cotta, but lately some have been cast in Portland cement, which is less expe 

The outlet-pipes into the Main are of cast-iron and extend nearly 50 feet ou 
the river. The gullies are made of cast iron or molded in terra-cotta. 

The work is executed under contract, the city furnishing the materials an 
mortar, and the whole is one of the most carefully built and uniform systems ai 
ent in existence. 

10. Statistics, 

Length of sewers yards.. IS 

Length of gully branches yards.. ] 

Length of house branches yards. . ] 

Area drained by lower system acres. . 

Number of man-holes 

Number of gullies 

Number of gullies when system is completed 

UI. IX HOUSES. 

Connection with sewer is not obligatory, but when desired is subject to stric 
nlations under control and inspection of the bureau, up to the water-closets, 
and gullies. 
Complete and detailed plans of house drainage must be presented for approy 
The pipes are kept, according to the English principle, as much as possible o 
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the buildings. The soil-pipe runs beyond the roof for ventilation of the sewers. 
' other pipeR are trapped against it. The main pipe from the sewer is 6 inches 

leter, and is of terra-cotta bedded in clay or concrete 4 inches all ronnd, or it is 
\isou. The latter must be -fg inch thick, coated with asphalt and jointed with 

~ ; vertical pipes are i inch thick. Soil-pipes are 5 inches diameter, kitchen pipes 

4 inches diameter, rain-water pipes also. 
,Qrades shall not be Ichs than 11:20, but when much steeper there is to be a vertical 
Terra-cotta pipes must be at least 18 inches below the cellar floor and 39 

ies from the nearest wall, and must be jointed with 4 inches of clay inside of the 

Vo pipes are to be shallower than 4 feet below the pavement. The drains for 

" its below the highest level of river must be shut off by flap- valves. The cess- 

}]b must be filled up after connection has been made with the sewer. 

Traps against the main pipe must have a depth of 2f inches of water and when out- 

'ie the houso be 4 feet below the surface. Sixty per cent, of all water-closets used 

hopper-closets. The rest are the Pan and Jenning closets. 

iber of houses connected with sewers 5, 400 

eorresponding to 16,000 dwellings. 

tamber of water-closets connected 22, 000 

FBvpnlation corresponding to above 90, 000 

IV. DISPOSAL OF SEWAGE. 

The sewage is now all being turned into the river. In the future, irrigation, how- 

•wr, is to be attempted. 

The outfall is below the town and extends below the river bed into the current 
•boat 130 feet from shore. 

The discharge of sewage is estimated at from 30 to 45 gallons per second. 
. The mean flow of the river Main is estimated at 6,180 cubic feet per second. 

The discharge from the most distant points takes place by actual experiment in 
ttree to four hours. 

D.~Maimtbnancb of Sewerage Works. 

1. Appliances. 

The sewers are cleaned almost entirely by flushing ; it is seldom required to re- 
nmove deposits by hand. Wherever practicable pen-stocks and flushing-gates are 
l«ilt into the works. There are now about 220 pen-stocks and 320 gates. The low- 
lifel system is guarded by 40 large additional pen-stocks, made of cast iron and fit- 
Hag against planed surfaces. The small pen-stocks, which are used only for flushing, 
MB of wrought iron and much lighter. They are operated from the top or from a aide 
MEtrance. The gates are single and swing to the side. 

At the head of each system a reservoir built of perforated bricks collects subsoil- 
mtkter to flush the sewers below : 

One at Boroheim 840 feet long, 5 feet by 6 feet, 22 square feet section. 

One at Kettenhof 748 feet long, 22 square feet section. 

One at Roederbruch 950 feet long, 22 square feet section. 

One at Bockenheim 950 feet long, 5 feet diameter, 17 sc[uare feet section. 

Temporary reserv'oirs are built at the dead ends of unfinished sewers. The one at the 
Bomheim holds 20,000 cubic feet and usually collects 10,000 cubic feet in 24 hours, in 
niny weather up to 60,000 cubic feet in 24 hours. 

2. Method. 

The alignment is so arranged that every sewer can be flushed from a higher one or 
tern a reservoir, and so that the entire body from the latter can if necessary be 
tamed through auy one of the lower sewers. Each one is flushed about once in 
three weeks, and from the upper end downward. One foreman and four to five men 
■le constantly engaged in attending to this service. The gullies are cleaned by simply 
lifting out the buckets and emptying them into a cart ; sometimes an after cleaning 
is necessary. They are cleaned by day and by night, and at intervals from three days 
to three weeks according to the character of pavement and the weather, but gener- 
ally about once every two weeks. Three persons and one cart will clean at least 110 
tasini in the day or 90 in the night. At least 200 a redaily cleaned, therefore, by six 
■■a and two carts. 

The works are in a very good condition. 
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E. — Cost of Sewerage Woeks. 

1. Management and maintenance. 

Departuient for sewerage, annual office expenses : 

Construction and maintenance 

House drainage 

Surveys 



For flushing sewers, 1 inspector and 4 flushers 

For cleaning gullies, 6 men and 2 teams 

Assessment on properties for sewer construction is $2.29 per foot of fro] 
uer lots have a deduction, in being exempt from a tax on 66 feet of the Ic 

When sewers are only used for niin-water the proi>erties are exempt 3 
any assessment. The yearly tax for water-closets is Jl.50 in houses ren 
than |250. In others they are free. 

2. Construction. 

The cost of the sewerafi;e works np to 1880 is §2,100,000, averaging $4.i 
sewer, all except house drainage included. 

The cost of tiie different sewers in marks per meter is equal to about 
. of the number of centimeters, of measuring the width in clear. 

Junction blocks for sewer connections cost 87 cents apiece ; bricks c 
per 1,000. 



DANTZIC. 

A. — Statistics of Locality. 

1. Population. 



Entire 

On sewered district 



2. Area. 
Drained district a 

:). Number of buildings. 

Number in the town 

Number connected with sewerage 

4. Water supply. 
From creeks, 12,000 cubic meters daily ; 32 gallons per head. 

5. Mortality. 

1825-1869, average 

1870-1871, average (sewerage built) 

1872-1880, average 

6. Meteorological. 

Temperature, mean annnal 

Highest monthly average (July) 

Lowest monthly average (January) 

Highest five-day average (July) 

Lowest five-day average (January) 

Prevailing winds, «onthwest. 

Penetration of frost. 3 feet. 

7. Topographical. 

Situated on the left bank of the Vistula, a few miles above its month, an< 
of oodA aenoe with the Mottlan. The latter divides the city into two parti 
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adt on the right, the Recht and Altstadt on the left, and hy hranching forms in addi- 
on several islands in the city. A small creek, the Radaune, also flows through the 
iw^n, separating the Recht and Altstadt. 
The site is low and flat. 

The Niederstadt, to the right of the Mottlan, lies only 4 feet ahove the river, and 
surrounded by dams to enard against floods. The parts on the left bank of the 
ottlau are about 12 feet above the river, but rising to 24 feet. 
Ijevel of river above Baltic is only 4^ inches. 

8. Physical. 

The town is a fortress, surrounded by moat« constantly under water. The greater 
irt of the town is closely built up; the streets are very narrow and winding, with 
one-block pavements. 

9. Geological, - 

The subsoil is sand, loam, and bog. Houses are extensively built on timl>er plat- 
vms and piles. 

B. — Management of Public Works. 

The sewerage works entire, as well as their maintenauce, including the pumping 
ad the disposal of the sewage on the farm, are uuder a thirty-year contract. They 
pe under the supervisiou of an executive municipal body, with a consulting and in- 
jecting engineer. 

C. — Design and Construction of Sewerage Works. 

1. GENERAL SYSTEM AND ALIGNMENT. 

Combined water-carriage system, with disposal on sewage farms. The town is 
Atnrally divided into three main drainage areas, the Niederstadt, a low and flat dis* 
tict to the southeast, the Altstadt in the north, and the Rechstadt in the southwest. 
Imch one has a main collecting sewer, traversing the district and delivering the sew- 

fD at a pumping-station situated on an island m the river Mottlau. The two arms 
this river and the Radaune art^ crossed by inverted siphons, 27 inches and 18 inches 
B diameter. The main sewer of the Altstadt also drains the Aussenwerke subiirbs 
mst of the town, with which it is connected by an 18-inch siphon under the moat, 
^m the pumy), the delivery pipe — of iron and 22f inches in diameter — takes a 
M>rtbeasterly direction to the farms, crossing a branch of the Mottlau, the moat, and 
lie river Vistula by inverted siphons. 

The Rawlinsou principle of straight lines between man-holes is strictly adhered to. 
The sewers are laid in the center of the very narrow streets. 

The works were designed by Messrs. Wiebe and Latham in 1869, and finished in 

II. IN STREETS, ETC. 

1. Shape and size of aewcrs. 

The sewers are all pipes, excepting the main collectors or intercepting sewers, 
rhich are of brick, and egg shaped. 

Sizes were proportioned to carrj- off" a quantity of rain-water equivalent to ^ inch 
I twenty-four hours, with a great number of overflows into the various water-chan- 
Bla intersecting and surrounding the city. The pipe sewers are mostly 9 inches ; 
>e minimum size is 6 inches; the maximum, 18 inches. The egg-shaped main sew- 
J* are 4 feet by 2 feet 8 inches. 

2. Depth and grades. 

Tlie ordinary depth of the sewerH is 10 feet below the pavement, although reaching 
ininimum of*7 feet. The depth of the intercepting sewers is 9 feet to 20 feet. The 
trades are as follows : 

The main collectors in the Alt and Recht-stadt are 1: 1,500. 
The main collectors in the Niederstadt are 1 : 2,400. 

The pipe sewers generallv range from 1 : 100 to 1 : 200 ; in the Niederstadt, 1 : 360 to 
:<J00. 
The minimum grade for house branches is 1 : 50. 

3. JnnctioHSf connections^ orerflmvSy and outfalls. 

The junctions are all made in man-holea. The house connections are provided for 
^ branch pipes, inserted when the sewers were bnilt. The several rivers and their 
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branoheBy which intersect the citr^ allow much of the rain-water to run off on iht 
surface. Yet;, for the qnantitywnioh gets into the sewers, there are 10 overfloii 

Srovided at different points. They discharge below mean water, and have han;TiQ([ 
aps to prevent the influx of river water durine hi^h stages. 
The sewage is all collected on the *'Kiin]pey"an island in the Mottlau, and then 
is lifted to the irrigation fields from a level of 7.2 feet below mean water. The 
final outfall is at an elevation of 1^ feet above mean water. 

4. Ventilation, 

The sewers are ventilated by 310 man holes and 118 ventilators in the street. Both 
were originally provided with arrangements for passing air over charcoal, which now 
have been abandoned, except at a few points. All soil-pipes act as ventilators to the 
system ; their upper ends, however, are only 2 inches in diameter, reduced from 4 
inches. Rain-water conductors are trapped. 

To further facilitate ventilation, the grade of the sewer is broken at the manholei, 
by which it was expected that the air would rise and escape more readily throogh 
them. 

5. Manholei, lamp-holes, flushing-ahafis, 

Bianholes are placed at street crossings, and can be used as flushing-shafts, in be- 
ing provided with flaps for the entering and disoharnng pipes, and a chain to open 
them fVom the top. The manholes are placed directfy over the sewers, and are got- 
ered with an iron grating, into which wooden blocks are set to deaden the noim of 
passing vehicles. An extra fall of a few inches is given to the sewage in most of the 
ijiaDholes, and in most cases their bottom forms a shallow catch-pit. The lamp-holes 
are pipe-shafts, 6 inches and 9 inches in diameter, and have a catch-pit and ventiUt- 
ing-grate at the top. 

6. Gullies, 

Gullies are placed in the gutters, mostly at street intersections, and otherwise an 
200 feet apart. They are covered with a removable grating, 10 inches by 14 incbei, 
and are themselves rectangular, 18 inches by 24 inches, with slightly covered sides. 
They have a silt-basin. 5 feet 9 inches below the surface, and a trap formed by the 
6-incb outlet pipe, which first takes an upward direction after leaving the ba8in,.stA 
height of 4 feet below the surface. 

7. Pumping station. 

The pumping station is situated on an island, *' the Kampe," in the Mottlau, to 
which the sewage is brought by siphons. There are two engines of 60 hor8e-i>owei^ 
each working one pump. At ordinary times one engine is sufficient, and is in action 
14 to 18 hoars a day. During heavy rains both operate without stopping. The daily 
quantity pumped m the first case is 2,641,000 to 2,905,000 gallons ; in the latter 
3,962,000 to 4,490,000 gallons. The amount of coal consumed is .9 Ipounds per 1,000 
gallons. 

8. Miscellaneous, 

From the numerous water-ways which the sewage crosses, many inverted siphon 
were necessary ; from the Aussenwerke to the Altstadt, 18 inches in diameter; undier 
the Radaune, 20 inches in diameter; under the two branches of the Mottlau, 16 and 
27 inches in diameter. The pumping main from the station to the outfall also crossei 
the moat and the Vistula with inverted siphons 22f inches in diameter. They an 
of wrought iron, and lie about 15 to 18 feet under mean wat^r. Before the sewago 
enters a siphon it passes through a horizontal screen, which retains all floating m^ 
ter, and then over a catch-pit, where all heavier particles subside. 

9. Materials and construction. 

The intercepting and main sewers are built of brick, the branch sewers of vitrified 
pipe, the inverted siphons of cast and wrought iron. 

The storm-water overflow pipes along the river are cast-iron pipes, 20 inches to 30 
inches diameter and f inch thick. The main sewers are built of two concentric coorsM 
of brick, 9 inches thick. The foundation is concrete, 9 inches below and 12 inebes 
on each side of the brick-work. The concrete often rests on a timber platform. 
Pipe sewers were also often laid on plank foundations where the soil was soft. Soc^t- 
pipes only are used. 

Manholes are built on concrete foundational 12 inches deep ; but they are aom^ 



REPORT OF THE NATIONAL BOARD OP HEALTH. 187 

times bnilt entirely of concrete. Gnllies are constmcted of concrete altogether, with 
wrought- iron bunds placed in it to tie the whole together. 

The construction of the sewers has lowered the subsoil water from 4 feet below 
the surface to nearly the present bottom of the sewers. New works, when nece68a^T^ 
arc bnilt under a j^eneral contract for a lon^ term of years. The city remoyes all ola 
drainage works in both streets and houses, m case new ones are to be built instead. 

10. SintUtics. 

Len^^th of brick sewers (mains) 4, 593 

Length of pipe-scwers 40, 464 

Length of inverted siphons 361 

Length of pumping-main to farm 3, 467 

Outlet of pressure-pipe at farm, 18 feet 6 inches above mean water. 
Siphon under Vistula, 154 yards long and 18 feet 6 inches below mean water. 
For the main (brick) sewers there are 45 manholes with aide entrances, 18 ventil- 
ating-shafts, 10 muiu overflows. 
For the entire system there are 310 manholes, 118 ventilators, 420 gullies. 
The total retaining capacity of the sewers is about 800 cubic yar£. 

III. IN HOUSES. 

Sewer connection is compulsory. All excrements and waste water must be dis- 
charged into them. The branch pipe up to the house line is built by the city at the 
owner's expense, and is thereafter repaired and maintained by it. 

The arrangement of the pipes inside of the house is left to the owner, but it is 
subject to certain regulations and to the approval and inspection of the city. De- 
tailed plans must be submitted, which, if necessary, will be corrected and altered, 
and the execution may also be regulated by the city if necessary. 

No changes are allowed from approved plans. Every owner is required to flush all 
pipes in his house, so that stoppages do not occur. The city reserves the right to ex- 
amine at any time any part or the house drainage and to demand the removal of any 
defects or such reconstruction as may be necessary. Every inlet must be trappea. 
Rain-water pipes are not always connected with the sewer or house drainage. The 
main house-pipes are^ inches in diameter, with a grade of 1: 50. Number of water- 
closets, 12,6(K). 

IV. DISPOSAL OF SEWAGE. 

The sewage is all pumped to an irrigation farm near the shore of the Baltic Sea, 
between the mouth of the Vistula and the village Heubude, about 3 miles northeast 
of Dantzic. The area is about 1,*260 acres, of which about 450 acres are at present ir- 
rigated. 

The soil is little better than beach sand. The surfause was very undulating and had 
to be entirely worked over. The iron pumping-main discharges into an open channel 
of framed timber, 12 to 20 feet al>ove the lowest points, in which the sewage is carried 
at a fall of 1: 2000 toward the shore. From this channel the sewage is tapped on both 
aides by wooden carriers, 20 inches by 24 inches, in which the sewage is carried over 
the flelds at right angles to the main^ channel. The area is subdrained, the tiles run- 
ning parallel to the carriers, and discharging into a collecting channel excavated 
through the fields for the purpose. 

The effluent is clear, without taste or smell, except where passing over a reddish 
•and common in most parts of the area. 

The irrigation is partially broad and partially in furrows. There are no winter ba- 
sins, as in Berlii^, the sewage being passed over the surface in the same manner as in 
flfommer. 

Grass is not much raised, as there is no demand for it, and hay does not permit the 
use of much sewage. Beets, corn, tobacco, garden vegetables, and seed culture are 
considered most profitable. The sewage is distributed hy two men. There are 8 at- 
tendants altogether for the form. The temperature of the sewage in summer is about 
51^.7 when reaching the fields ; in winter it lowers to about 38^, and a thin ice crust 
is formed on the sunace, after entering the open channels and the fields, below which 
the sewage runs as usual. The mean annual temperature of the sewage is 45^.3. The 
sanitary condition of the farm has alwavs been good. Irrigation was commenced in 
1872 with 19 acres. It was the first trial on the continent. 

D.—Maimtenaxce OF Sewbraob Works. 

1. Applianoet, 

The sewers are cleaned mainly by flushins . Pen-stocks, sates, and flap-valves Ibir 
purpose are numerous. Every man-hoM is provided with tiie lkttat« 
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2. Method, 

The flushing is very carefully attended to by a gang of six men, who make the at- 
tire round in twenty days. It is very efficient, so that rarely other methods are neces- 
sary, as cleaning by hand, or by drawing disks through the pipes. 

A special pipe, 6 inches diameter and 7,300 feet long, is led around the sontbeastan 
part of the city, and supplied with water from the Radaune Creek, and which ii 
solely used for flushing. It passes the heads of all the branch sewers in the Alt and 
Niederstadt, and its contents can be turned through any of them. Other sewers, thoM 
which are lower than the rivers, are flushed with water drawn directly from them. 
In addition, some sewers are flushed with the wat«r from public hydrants. The 
sewers are connected whenever possible with each other, so as to use the st-ored-np 
sewage of one. to flush another. There are seven pen-stocks in the brick sewers and 
tweuty>six valves along the flushing pipe from the Radaune. 

E.— Cost of Seweragr Works. 
1. — Management and maintenance. 

The maintenance is uuder a contract for thirty years. Contractor receives free 
nse of all ground needed for irrigation and the income from the farm, in return for 
pumping the sewage and keeping the sewerage works clean and in repair. 

There is no assessment on properties for using sewers. 

2 Construction. 

Cost of sewarage works complete, about $500,000. Cost of preparing fields for ini- 
gation, about |75 per acre. 



BRIGHTON. 
A.— Statistics of Locality. 

1. Population^ 1880, in sewerage district, 108,000. 

2. Area affecting sewerage works, nearly forty square miles. Area of town and area 
sewered, about 2,000 acres. 

3. Number of dtvelUnga, about 20,000. 

4. Water supply, from chalk wells, 3,000,000 gallons. Daily average 27.8 gallcoi 
per head. 

.5. Mortality^ 21.2. 

6. Meteorological. 

1878, mean temperature 50i 

Highest temperature 81. 

Lowest temperature 21. 

Mean of all daily maximums 56J 

Mean of all daily minimums 44.2 

Mean humidity 81. 

Rainfall, annual inches.. 30 

1876, June 22, 1 inch fell in 90 minutes during high water, or 0.011 inch per minute. 

7. Topographical, 

Situate on the south coast of England. The surface of the greater part of the town 
slopes gradually toward the beach ; the other parts are very iindulating and hilly, 
reaching elevatious of several hundred feet. A few small creeks, now turned into 
sewers, pass through the town. The beach road is above the highest tidc^. Tidei 
range ordinarily within 15 feet, the greatest range is 22 feet, the least 9 feet. 

8. Physical 

The surface is closely built up in the center, but is open toward the east and west 
with parks, gardens, &c. The roads are all macadamized. The area around the 
town is mostly meadow land and but little is under cultivation. There are sixty-five 
miles of streets. 

9. Geological, 

Chalk underlies the whole town and crops out in the east, north, and high-lyiog 
districts. Westward and in the valleys it is overlaid with strata of fine sand on the 
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chalkf followed by a layer of bowlders in the east and crushed flints in the west end 
of the town. Above this is chalky d^hri9 (coombe-rock), and at some points a strat- 
um of clay. 

B.—Managemknt of Public Works. 

All public works are in charge of a borough engineer, with six assistants. For 
maintenance of the ordinary sewers there are one inspector and four men ; for the in- 
tercepting and outlet sewer there are one inspector and nine men. The sewers are 
cleaned once a month. 

C. — Designs and Construction of Sewerage Works. 

I. GENERAL SYSTEM AND ALIGNMENT. 

Combined water-carriage syst'Cm. The sewage is intercepted and discharged into 
the sea. It is brought to the beach by sewers fouowing the natural depressions of the 
surface. Along the beach it is intercepted by a sewer beginning at tne west end of 
the town and following the shore eastwardly for a distance of over seven miles to 
Portobello, where it discharges by gravity. The straight-line principle is followed 
for the pipe sewers. The intercepting sewer was built from 1871 to 1874. Before it 
was finished the old valley-line sewers were carried out into the sea beyond low water; 
yet floating substances returned to the shore. 

U. IN STREETS, ETC. 

1. Shape and Bize of sewers. 

Pipe sewers are used from 12 to 18 inches diameter. Brick sewers have an elliptical 
shape, except the main intercepter, which is circular. The ordinary section is made 
of three circles ; the radii for the arch and invert are alike, 9 inches, and the sides 
are flat, their radius varying with the size. The minimum size of pipe sewers is 12 
inches diameter ; but brick sewers that can be entered, are preferred on account of 
the great amount of sand and rock silt getting into them, which necessitates much 
cleaning. 

Sewers are made large enough to take a rainfall of i inch per hour. The smallest 
brick sewers are 2 feet 8 inches by 2 feet ; the general sizes are 4 feet by 2 feet and 
5 feet 6 inches by 2 feet 6 inches. The main intercepting sewer is 5 feet diameter 
at its upper end and 7 feet diameter below the town. 

2. Depth and grades. 

The sewers are comparatively shallow, varying from 6 to 12 feet below the surface. 
The ^ades are steep, the minimum for all but tlie intercepting sewer is 1 : 40. The 
maximum grade is 1 : 13. The grade of the intercepting sewer is 3 feet per mile (1 : 1760). 
Its upper end is 21 feet 6 inches above low water ; its lower end is at low water. 

3. JunciionSf oonnectUmSf ocerflawSf and outfall. 

Junctions are made with easy curves in a chamber with a funnel arch. House con- 
nections are at an angle of 3(P, a pipe or block being inserted opposite every house. 
There are three overflows from the intercepting sewer along the shore, the western 
(4 feet above high water at spring tides), the central (3 feet above high water at spring 
tides), and the eastern (2 feet 6 inches above high water at spring tides). They act 
fiom 3 to 6 times a year, and begin at the moment when the sewer is entirely tilled. 

The outfall for the sewage is at Portobello, 6 miles east of the town, and discbarges 
freely at low-water of spring tides. The fall for the last mile, nearly, is only 1 foot, 
hut the last 500 feet fall two feet, so that the average grade is preserved. At Porto- 
bello there is a peu-stock chamber with self-acting valves for shutting out the tide, 
and two sets of pen-stocks, one to be used when the self-acting valves are out of or- 
der, the other to pen back the sewage temporarily to flush the outfall at low water. 
This chamber has a tunnel passage to the beach. The platform from wbich to work 
the stocks is 3 feet G inches above the highest tide. Between the pen-stock and the 
sea the section of the sewer changes from a circle to a semi-circular arch with flat 
invert, and then again in an arched chamber, to three iron pipes, each 4 feet diam- 
eter, held together in a frame of timber below low water. 

4. Ventilation, 

Ventilation is obtained through manholes and special shafts. Charcoal was form- 
erly used in them, but is now abandone<l. All chambers and Junctions are ventilated. 
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The air from the intercepting sewer is drawn into a shaft 6 inches diameter ini 
200 feet high (100 feet above the surface of the bit^ nnder which the sewer passei). 
The shaft is two miles below the town and draws the air from that distance, all opci- 
inffH on this stretch being carefrdlj closed. At a point 2 miles from the shaft ihi 
velocity of the air in about H to 2 feet per second. The ventilation is facilitated bf 
a faniace placed in the shaft at the surface of the bluff, where a fire is kept con- 
stantly burning. The consumption of fuel (coke) is 36 bushels in 24 hours. The odor 
in the town sewers is not offensive, but in the ventilating-shaft it is very strong, there- 
fore Justifying its use. 

5. Manholes, lump-holeSf and fliuhing-dhqfts. 

Manholes are built with rectangular section, 3 feet by 2 feet 6 inches. They an 
drawn in at the top and covered with a close grating. Connected with it is a venti- 
lating-grating, having a small catch-pit below it. and being placed to one side of the 
manhole, as in London. Flushing-shafts are built in the same manner. Lamp-holei 
are not used. 

6. (htllies. 

Gullies are placed in the gutters and have a horizontal grating 2 feet 3 inches bvl 
foot 4 inches. They are mostly made of iron, being a simple box of the size of the 
grating, and 2 feet 9 inches deep. A larger size is also used^ measuring 1 foot 9 inchei 
by 3 feet 1 inch, and 3 feet 6 inches deep. Still other gullies are made of concrete,! 
feet by 2 feet in section, and 5 feet deep, having a large catch-basin, from whidi i 
9-iuch pipe, at a height of 21 inches above the bottom, leads into the sewer. Tlieie 
basins are not trapped. The iron gullies, however, have a trap formed by a hood 
covering the outlet. The depth of seal is 6 inches, the depth of^the basin below tbe 
outlet is 1 foot 4 inches, the diameter of the out-let pipe 9 inches. The inlets an 
placed from 150 to 300 f^t apart. 

7. Pumping statians. 
No sewage is pumped. 

8. MUoellaneous structures. 

To avoid steep gradients and chutes, tumbling-bays are used to let sewage drop to 
a lower level. The^ are vertical shafts with flags placed alternately on each side, 
and closing one-half the shaft. They slope 3 inches and are 6 feet apart. The fall 
is thus broken and no material lodges. 

Catch-tanks are built in the main sewers just above the Junction with the int6^ 
cepter, to collect the road-grit from macadamized streets and heavy materials which 
would otherwise get into it. The tanks vary in dimensions according to the amount 
of material expected. The tank at the Steyne is 40 feet lon^ 18 feet abroad, and U 
inches deeper than the sewer. The widening checks velocity and thus causes the 
deposit. 

9. Materials and canstructums. 

Sewers are built of bricks and pipes. Ganlt pressed bricks are used for inverts, 
and ordinary stock bricks for arches. Blocks, molded of 8 whole bricks and 4 halvee, 
are used in wet ground for the bottom. Wedge-shaped bricks are not used. 

Pipe-sewers are laid in a bed of hydraulic-lime mortar 3 inches deep, or cement 
mortar 2 inches deep. The joints are half-socket and finished in pure cement from 1 
inch to 2 inches around the pipe. Many of the sewers are simply lined with a 4f-inch 
course of bricks, the rest being concrete, finished off at the top to a level 6 inches above 
the bricks. Mortar is mixed of 1 part Portland cement to 2 parts of sharp sand. Con- 
crete has 5 parts of coarse gravel added. 

Manholes, gullies, chambers, <&c., are often made entirely of concrete, smoothly 
plastered on the inside. The manholes are drawn in at the top with several cooiiM 
of brick, and tbe chambers are arched with a 4i-inch course of brick as a lininc. 
Gullies are built of brick, and also made of cast iron, the material being -^ inch thioi* 

10. StatUtios. 

Length of sewers, about 55 miles. Length of intercepting sewer, 7^ miles, of wWoh 
the upper 9,900 feet are 5 feet in diameter ; the next 710 feet are G feet in oiameter; 
the next 27,460 feet are 7 feet in diameter ; which brings it to the pen-stocks, ftoB 
which it is 520 feet to the outfall. 



I 



\ 
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^ The intercepting sewer has 24 side entrances from the beach (6 feet by 3 feet and 
Ibibet 6 inches), 9 large ventilating shafts or man-holes, and 28 small ventilating shafts, 
Ml inches diameter, with catch-basins at the top. 
^ For the other sewers there are about 1,000 man-holes and flushing-shafts. 

in. IN HOUSES. 



IV. DISPOSAL OF SEWAGE. 

The sewage flows to Porto Bello, 6 miles east of Brighton, and there discharges into 
le ocean about 100 feet from the shore. 

D.— Maintenance of Sev^terage Works. 

1. Appliances, 

Sewers are cleaned bv flushing, and the catch-tanks placed in them by hand. Pen- 
■rtocks are used in the large sewers, flap- valves in smaller ones. For pipe-sewers a 
Biorizontal iron plate is sometimes built into the flushing-shaft above the pipe, with 
opening and stopper, which, when drawn, permits the water to drop through. 

2. Method, 

The town sewers are flushed with water from the city supply. The interceptinff 
mwjwer is flushed below the Steyne by sea-water at spring tides, which is admitted 
Ar 4 or 5 days in succession. The upper end is flushed either oy penning back the 
aewage, or by using fresh water twice a week when there is no rain, or by pumping 
Bea-water. 

Pipe-sewers are flushed once a month by attaching a hose to the fireplugs, and either 
cUachargiug into the sewer directly, or first into the flushing-shafts at the head of the 
ttewer where the entire mass can be dropped at once. 

The catch-tanks on the line of the sewers, especially just before discharging into the 
intercepting sewer, are cleaned of their silt every day or two. This and the cleaning 
of the gullies is mainly done at night. The sewers are cleaned once a month. 

E. — Cost of Sewerage Works. 

1. Management and mainienanoe. 

2. Construction, 

Cost of intercepting sewer and appurtenances, about |500, 000 00 

Cost per linear' foot of sewer, 5 feet diameter, in open cutting 7 00 

Cost per linear foot of sewer, 7 feet diameter (9-inch ring), in tunnel.. . . 10 00 

Cost per linear foot of sewer, 7 feet diameter (15-inch ring), in tunnel... 12 00 

Cost of ventilating-shafts, per vertical foot, about 500 



OXFORD. 

A. — Statistics of Locality. 

1. Population, 37,000. 

2. Area, about 2,000 acres. 

3. Number of dwellings, 7,000. 

4. Water supply, — From subsoil water accumulating in a large excavation, up to 
nearly 2,000,000 gallons per day. Average consumption, 53 gallons per head per day. 

'5. Iforte/ify, 20.4. 

6. Meteorological, 

rtOir. 

Mean temperature (1878) 49.8 

Highest temperature (1878) 87.1 

Mean of all daily maximum (1878) 56. 6 

Lowest temperature (1878) 5. 6 

Mean of all daily minimum (1878) 43. 4 

Mean humidity (1878) 82 

Rain fell on 175 days; total annual, 27.3 inches. 

Frost penetrates generally 12 inches; maximum, 2 feet. 
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7. Topographical. 

Situate on the river Thames or Isis, where it is joined by the river Cherwoll. The 
site of the town is low and flat, and is intersected by a canal and numerous brancki 
of the rivers. The sewage farm is 3^ miles southeast of the town, on high and un- 
dulating grounds. 

8. Physical. 

Only a small portion of the town is closely inhabited ; the greater part is open, with 
comparatively wide streets, eardens, lawns, and open spaces. The roads, 33 mOM 
long, are partly paved, most^ macadamized. 

9. Geological. 

Subsoil consists of gravel and loam, resting on ''Oxford clay,'' which at places risM 
to the surface. 

B.— Makaoement of Public Works. 

All works are in charge of a borough engineer, with necessary corps for design ex- 
ecution, and maintenance. House drainage must be approved by the engineers. 

C— Design and Construction of Sewerage Works. 

I. GENERAL SYSTEM OF ALIGNMENT. 

Separate system. The rain-water from 1,900 acres is removed by separate chaimdi. 
mostly old sewers, and discharged directly into the streams. Vhe house sewage bbq 
the rain-water from the remaining 100 acres (roofs and back yards) is led into a new 
system of sewers and collected at a pnmpin^-station 2 mUes m>m the town, where t( 
is raised 57 feet to a sewage farm 1^ miles distant. 

The outfall-sewer begins at the river Cherwell, where it is formed by the main 
sewers collecting and intercepting the sewajB^e from the different sections of the town. 
Haifa mile below it receives a branch draining. New Hinksey, where the water- wodn 
are located. 

The town itself is divided into four drainage areas: One south of Cherwell is 
drained by the eastern sewer; one west of it by the northeastern; one east of tbs 
Thames is drained by the northwestern sewer, into which discharges the western 
sewer from Osney. All pipe-sewers, and those of brick, less than 3 feet high, sn 
straight between man and lamp holes. The works were aesigned by Mr. White, bo^ 
ongh engineer. 

II. IN STREETS, ETC. 

1. Shape and 9ixe of aewera. 

The rain-water sewers are mostly old and have various shapes ; the newer ones an 
built ege-shaped. The sewers proper consist of pipes from 9 inches to 18 inches diam- 
eter, and egg-shaped sewers with the following proportions : Rad. of invert = 1 ; nd. 
of arch = 2; rad. of sides = 6 ; height of sewer = 6. The sizes of the rain-water 
channels were proportioned according to past experience and Judgment. The sizes 
of the sewers were regulated, taking 9 inches as a mimimum in the streets, by eeti- 
mating the greatest hourly flow to half fill them. (For river crossings see 8.) The 
outfall sewer varies from 4 feet by 2 feet 8 inches to 4 feet 6 inches by 3 feet. The 
other main sewers vary from 2 feet by 1 foot 4 inches to 3 feet 6 inches by 2 feet 4 
inches. The pumping main is 24 inches in diameter. 

2. Depth and grades. 

The depth of the pipes is between 8 feet and and 12 feet below surface. The grades 
are arranged as luuch as possible to increase toward the periphery of the area. The 
pipe sewers have a slight drop of oue or two inches at each man-hole. The gradesof 




3. Junctions, connections, overflow, outfalL 

Juuctious of largo brick sewors are made by easy curves in chambers with funnel 
arches (bell-moutl^) and tongues. Junctions of pipe sewers are made entirely in 
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mau^holes, with an extra fall of an inch or two from the smaller pipes to the larger. 
Where mains are too deep for house connections, shafts 6 inches diameter wcro built 
at one side of the sewer at intervals of about 40 leet, the top of which forms a brick 
chamber, into which the houBe-drains discharge, the sewage descending through the 
shaft into the sewer. Where lateral sewers have to fall into mains many feet oelow 
them, a downward branch is put in a few feet above the Junction at a descending 
angle of about 45^ to the bottom of the man-hole. The straight pipe is in this case 
also continued to the man-hole to have a line of sight. When the quantity of sewage 
is too grreat for this arrangement, a flight of steps of blue bricks is built instead. An 
overflow for accidents is at the pumping-station. The outfall sewer is constructed 
sufficiently large to hold all sewage accumulating at night. 

4. Ventilation, 

Ventilation is had through man-holes and lamp-holes ; also through soil-pipes, 
where not objected to by the owners. All chambers and Junctions are ventilated to 
surface. The odor in the sewers is not strong. The rain-water channels have a slightly 
foul smell. At the pumping-station the odor was only disagreeable near the screens. 
When the sewage arrived on the farm its odor again was only slight. 

5. Man-holes, lamp-holee, fluahing-ehafte. 

* 
The straight-line principle bein^ strictly adhered to, man and lamp holes are placed 

at every change of direction, horizontal or vertical, at every junction and at every 

summit. They are placed over the sewers, are square in section, and covered vrith a 

circular irou grating which has openings for ventilation. From the cast-iron frames 

in which the grating flts, circular wrought-iron boxes are hung to catch the road 

detritus falling through the grating. Eight wrought-iron ladders are built into the 

man-holes. 

At the head of every line of sewer the man-hole also serves as a flushing-shaft. 

Water is laid on firom the nearest main by a l^-inch pipe and screw-down tap. At 
the bottom of the shaft is a cast-iron flap, which, when lowered, closes the sewer. The 
tap being opened, the water Alls the shaft and is suddenly discharged, when the flap 
is raised with a onain from the top. 

6. Gullies, 

The gullies are placed in the gutters with a horizontal grating 14 inches by 18 inches. 
They are 3 feet 6 inches deep, and have a trap and catch-pit 18 inches deep below 
outlet-pipe. 

7. Pumping-station, 

The pumping-station is situated 2 miles below the town. There are two engines, 
each 40 horse-power, working a plunger pump. The sewage is raised 57 feet, and the 
length of the pumping main is li miles. There is also an auxiliary engine of 14 horse- 
power, with a 12-mch centrifugal pump. Average quantity of sewage pumped daily 
IS 1,500,000 gallons. The pumps are onlv worked during the day, as tiie outiall-sewer 
can store 750,000 gallons uuring the night. 

8. Miscellaneous structures. 

The smaller brick sewers have resting-places. 6 feet high, at certain points, to ad- 
mit of an upright position. They are specially ventilated. The pumping main is 
supplied witn Mlf-acting air-valves. 

9. Materials and construction. 

The sewers are built of brick and of vitrified pipes. The brick sewers were built 
with great care and with concentric riujyrs to prevent infiltration of subsoil-water. 

Sizes up to 2 feet 6 inches by 1 foot 8 inches in dry ground have one course of brick 
laid into a bed of concrete, which reaches to the springing line ; the largest size has 
the concrete extending to 6 inches over the arch. In wet ground the 2 feet 3 inches 
by I foot 6 inches sewer was built of two rings, as were also all of the larger ones. 
The sewer in the tunnel, 3 feet 3 inches by 2 reet 2 inches, has two courses below the 
spring and four courses above it, the backing being concrete. 

The brick-work was laid in Portland cement mortar, 1 to 1 sand: the concrete for 
filling spandrils was made of 1 part cement and 6 parts sharp gravel. Eight miles of 
sewors are laid from 1 to 11 feet below the average summer water-level in the river. 

4429 jt B H 13 
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The sabsoil-water is very abandant. To prevent it from entering the sewers, the 
rinff Joints were carefnlly rendered with cement coats i inch thick, as follows : 

For the ontfall sewers there were 3 coats, two of 2 parts cement to 1 part sand ; i 
third was of ]iure cement. The smaller sewers had bat odc coating. The stone- wsn 
pipes were jointed in cement mortar, with sometimes a band of clay paddle in addi- 
tion. Stanford's pateut joint was used where trenches were very wet. 

To get rid of the subsoil- water during the constniction of brick sewers, pipes, gen- 
erally 12 inches in diameter, were laid underneath the sewer to the pumps and lefliii 
permanently. The inverts, both for brick and pipe sewers, were leveled with extreme 
care. 

Man-holes were built of brick and were covered with ventilating man-hole covers, 
having wooden blocks inserted. The 24-inch pumping main to the sewage farm is of 
cast iron, with leaded Joints. 

A tunnel 202 feet long was driven under the old tower of Oxford Castle, lower than 
the bed of the river and within 6 feet of it horizontally. A tunnel was also driveii 
under the Great Western Railroad. 

The numerous streams necessitate many crossings, six under the Isis and Cberwell, 
one under the canal, and several under minor streams. They are of cast iron sur- 
rounded by concrete. 

Two of the river crossings are inverted siphons of iron, with vertical brick shaft 
on either side of the river. A fall of a few inches is given to them and the lower end 
l^as a sump. Sluices are provided for flnshiuff and for detaining sewage in case of 
repairs. For the two Cherwell crossings, the headway being limited, iron tnbes were 
put in, 1 foot 10 inches by 3 feet 9 inches wide, with segmental top and bottom, and 
an area of 6.25 feet. The whole was surrounded by concrete. The tabe under the 
Isis has a modified e^g shape 2 feet by 2 feet. The sewers under the canal and Trill- 
mill stream are of bnck-work, covered by cast-iron segmental pipes and surrounded 
with concrete 12 inches to 18 inches. 

10. StaHatioe. 

HOm. 

Length of brick sewers 7f 

Length of pipe sewers ^ 

Number of man-holes and lamp-holes, over 500. 

Discharging capacity of sewers, filled to springing line, is 5,000,000 gallons per dav. 
In wet weather about 2,000,000 gallons of simace-water gets into sewers, whicn, 
with sewage, makes about 4,000,000 gallons. 

III. IN HOUSES. 

Sewer connection is not yet obligatory, although about three-quarters of all houses 
are already drained. There are aiSont 7,000 water-closets. The main house pipe Joini 
the sewer about 2 to 3 feet below cellar leveL 

lY. DISPOSAL OF SEWAGE. 

The sewage is delivered on a farm of 335 acres. From the point of discharge it nms 
partly in open carriers and iron pipes through and around the entire area, crossiiic 
some slight depressions by inverted siphons. At various points the sewage is tapped 
and led into earth carriers (grade 1 : 1000), which distribute it to the di£^rent fields. 
There are nine sections, comprising 28 acres, which have been leveled and prepand 
for filter-beds, and which alone could filter the entire quantitv of sewage. Five ais 
level and four are on a slope. The remaining ground is used for broad irrigation. 

At four termini of the pipe carriers there are tanks, built of brick, 5 feet sqnarey 
with wooden sluices, from which the sewage is turned into the open carriers. At va- 
rious places there are movable weirs by wnich the velocity, if too great, can be le- 
duced, or the sewage dammed up, in order to enable it to spread over the fields. The 
filter-beds are sub£ained, and the sewage drains away freely in a clear and taatek* 
condition. 

D.— Maintenance of Sewerage Works. 

1. Appliance; 

Man-holes are used as flushing-shafts at the head of a sewer. At the bottom is a 
cast-iron flap, which when lowered closes the sewer. At intermediate man-holsi 
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grooTcs are left in the brick-work for the insertion of wooden stops, to obtain a head 
Tarying from 18 inches to 3 feet. 

In the outfall and othecsewers with lig[ht grades wooden pen-stocks or doors which 
can pond up the sewage 5 feet 6 inches high, are placed so as to slide up and down in 
grooves. They have rack-and-pinion gearing, with a spindle reaching to and oper- 
ated from the surface of the ^und. The man-holes have dirt-boxes hanging under 
the cover to catch the droppings. 

2. Method. 



sewers are flushed by water from the city supply. It is laid on fronx 
lain by a li-inch pipe, and when having filled the flushing-shaft or 



The smaller 
the nearest main 

man-hole is suddenly released on raising the flap by a chain from the top, A good 
acour is the result. The larger sewers are flushed by sewage dammed np for the pur- 
pose by pen-stocks. The latter are also used for laying the sewers partially dry, sec- 
tion by section, for a few hours at a time, to facilitate inspection. By this means the 
sewers are kept in a very good condition. 

The dirt-boxes hanging from the man-holes and gullies which connect with tho 
rain-water sewers, as well as the latter themselves, are cleaned frequently. 

£. — Cost of Seweraoe Works. 

1. Management and fnaintenttnce. 



2. ConstmctUm. 



Cost of snbdraining sewage farm, $87 per acre ; cost of land for farm, $456 per 
aore ; cost of total preparation for irrigation, |171 per acre. 



AMSTERDAM. 
A.— Statistics op Locality. 

1. PopulaHanj 1880, 304,000 ; population using Liemur system, 27,600. 

2. Area, 1,606 acres. 

3. ^TiifiiW of dwelHngif 32.000. 

4. Water euppljff 10,000 ouoio meters daily, obtained from the Harlem dtineB. Per 
day per head, 8.44 gallons. 

5. MortaUty, mean for 10 years, 24.8; in 1878, 24.4. 

6. Meteorological, 



7. TopographloaL 

Situated on an arm of the Zuyder Sea at the mouth of the Amstel^ a small river 
pasting tiiiough the city in several arms. The city is, in addition, intersected by 
numerous canals, dividing it into 90 islands. It is almost on a level and only slightly 
above high tide. 

8. PhyHoal. 

The cit^, from the numerous canals in all directions, is rather open. A few of the 
central districts are, however, very crowded. The streets are all paved. They are 
narrow in the central parts. Toward the periphery (where the Liemur system of 
sewerage is applied) the streets are wider and airy. 

9. Geological, 

The sabsoil is mud. loam, and loose sand, resting on olay at a depth of 80 to 60 feet. 
The site was originaUy a peat-bog. All buildings rest on pUes. 
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B.~Manaosment of Pubuo Works. 

All pnblio works are saperrised by an alderman r^cheviu). The departments for 
clesiffn, constmction, surveys, and repairs are under tne guidance of a director, and an 
€ubdivided into bureaus for streets, parks, canals and sewers, buildings, &c. Water 
•mad gas are furnished by private parties. The department for city maintenance is 
to a certain extent independent of the former and includes the cleaning of streets, 
-canals, and sewers (not Liemur system). The bureau of streets, parks, canals and 
«ewers is charged with all engineering works, including the design, constrnction, 
■and maintenance of the Liemur system. It is under a chief engineer, assisted by 
one adjunct and four principal assistants, one for streets, one for parks and public 
promenades, one for canals and sewers, and one for the Liemur system. In addition 
there are about 20 assistants. For the Liemur system there are 3 machinists and 16 
men for maintenance. 

C— Design and Construction of Sewerage Works. 

I. general system and alignment. 

Pneumatic separate system (Liemur) for the removal of excrementitious matter of 
« small portion of the town. Dry removal in pails, holding 8 gallons, and exchanged 
•daily, for the rest of the town. 

Storm-water runs entirely over surface or into old sewers. 

The Liemur pipes, which are of iron and into which the houses drain, unite every 
•several hundred ieet at street intersections in an air-tight reservoir, into which the 
■sewage is drawn by means of a vacuum created in it through a pipe leading to the 
4iir-punip or central station. After the sewage from the several branches is collected 
in tlie reservoir it is again drawn by a vacuum to the central station itself, where it 
is ruTi into barges and removed. Usually there is only one branch pipe for a street; 
occasionally there is one on each side. The main pipes from the reservoirs to the 
.air-pump, which are not connected with the houses, are additional, which altogether 
:iiiakes two pipes in about one-half of all the streets. 

The sewage frequently passes twice over the same block, first beins drawn into the 
reservoir and then througn another pipe back again partially through the same street 
-.to the central station. The sew.age collected by the Liemur pipes is very dilute, 50 
parts fluid to 1 part solid, notwithstanding that precautions are taken against the 
introduction of much water. Where the system is applied to single and scattered 
liouses the pipes are emptied by pneumatic carts when in the blocks, and by a steam- 
•boat when near the canals. 

The cart and boat carry a cask. A vacuum is created in it in both cases by a pump 
^attached ta the cart or on the boat^ and the sewage is drawn into them. Tlie entiie 
csystem was designed by Captain Liemur, and introduced in 1871. 

u. IN streets, etc. 

1. Shape and size of sewers. 

The shapes of the old sewers for rain and house water vary ; they are mostly cir- 
cular, from 1 foot to 2i feet in diameter. The Liemur sewage pipes are circular and 
4ill 5 inches in diameter, both branches and mains. 

2. Depth and grade. 

The depth of the rain and house water sewers is about 6 feet : the depth of tha 
Xieruur pipes is very shallow, averaffin^ 1 meter. The grades of the sewers range 
from 1 in 500 to 1 in 200 ; for house drains 1 in 50. The grades of the Liemur pipes 
•do not affect the velocity, yet it is preferred not to make them level. The discnaxg- 
iug mains from the reservoirs to the pumps have a fall of 1 in 800 ; the branch pipes 
;lemiing into the reservoirs have a fall of 1 in 200 to 1 in 150. 

3L Junctions^ cannectianSf overflows, and outfall. 

The junctions of the main Liemur pipes are made in iron chambers (reservoin), 
<^Iiudrical in shape, about 7 feet long and 4 feet diameter. The inlet-pipes enter 
near the top; the discharge-pipe also enters near the top, but is extended through 
the cylinder into a depression at the bottom, 4 inches deep, so that it can draw oat 
the sewage to the greatest possible ext-ent. The reservoir is provided with the nec- 
essary valves for inlet and outlet pipes. The house connections are at right angles 
juid have one or more ^' barometrical traps ^' (siphon traps with a constant depth for 
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the entire system) before entering the house. Overflows are of course not required* 
The outfall of each district is at the air-pump, and is situated at a canal where ther 
sewage is turned into barges. The outfalls for those houses which are relieved by an 
air-pump on a boat are of course also along the canals. 

4. Ventilation, 

Ventilation for the Liernur system is only necessary at the pump, where the air is 
carried through the fi^e, or escapes from a nigh chimney. The odor is intense with- 
ont either precaution. 

5. Man^holes, lamp^holeSf and fltuMng-slutfts, 

These structures are not required for the Liernur system. Access to the pipes is 
only had by breaking into them. 

6. Oullies, 

As no street water runs into th e Liernur system, no gullies are required for it.. 
There are very few in the town, because the rain-water runs on the surface to th» 
numerous canals. 

7. Pumping-itatUm, 



9. Miioellaneoui itrueturm. 



9. Materials and canstmcHon, 

The sewer pipes, chambers, and reservoirs are all made of oast iron, and careftdlj' 
joined with lead Joints in order to be air-tight. 

10. StatisUoe. 

Length of main pipes from reservoirs to pumps, about 3,160 yards. 

Length of branch pipes, about 8,780 yaros. 

Number of reservoirs, about 15. 

Number of independent districts for which system is used, 6. 

Number of houses drained, 1,190. 

in. IN HOUSES. 

In the older part of the city, cess-pools are still in use with overflows into the 
canals, when near them. All house and rain water runs into the canaL In the newer 
sections of the city both the cask and Liernur systems are used. The casks receive 
both solids and liquids. The pipes leadings away the waste water are generally 12 
inches diameter, and of terra-cottA. The pipes for the Liernur system are of iron, 5 
inches in diameter, and have several traps (barometric) on the line. The soil-pipe is 
carried beyond the roof, and also a special ventilating-pipe for each closet. The 
closets are of the hopper style, and only such, of a water-saving character, are allowc<l. 
Nothing but water-closet contents get into the Liernur pipes ; other matter in led 
over the surface or into the rain-water sewers. Each house can be disconnected from 
the street system, in case of repairs, by a hand- valve. 

IV. DISPOSAL OF 6£WAGE. 

The contents of the casks aro removed to neighboring farms. The Liernur sewage 
is discharged into boats, by which it is taken to near farms^ where it flows over somcv 
fields in a very unsystematic way, and so far without flnancial success. Onl^ a slight 
and uncertain return is had from it. At present the sewage is often mixed with 
street sweepings, and in this way sells for 30 cents a cubic yard delivered, or with 
the contents oicasks, in equal parts, when it sells for 60 cents a cubic yard delivered. 
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D.— Maiktbkancb of Sewerage Wobks. 

1. Appliances. 

There are three stationary engines and one steamboat for the Liemur service, 
are alike supplied with air-pomps, receiving-tanks, &,c, 

2. Method. 



They 



The sewage is drawn to the receiving-tanks andconveyedaway as described above. 
The pipes are emptied once every week-day, some also on Sundays. Flnshing or other 
method of cleaning is not practicable nor necessary, as the process of removing sewage 
keeps the pipes in order. Stoppages occasionally occur, and l^ey are usually reli^Ted 
by breaking into pipes. The attendance upon the system consists of 3 machiuista, 
a stokers, and 4 laborers for the 3 engines, and 1 machinist, 1 stoker, 1 captain, and 
2 laborers for the steamboat. In addition, 2 persons attend to the reservoirs and 
valves, and operate the collection of the sewage. 

In 1880 there were 7,253,602 gallons of sewage collected and removed. Dailj 
average per person, 0.74 gallon. 

£.— Cost of Sewerage Works. 

1. Management and maintenance. 

Bunning cost of Liemur worha in 1880. 



Tixed stations.... 
Steamboat Berrioe 
Pneumatic carts* . 

Total 



Persons. 



21, 939 
4,656 
1,851 



27,946 



Total cost. 



♦4,773 
3,919 
2,166 



10,858 



Cost per head 
per year. 



10 22 

im 



=0 39 



*Not Liemur system proper. 

Cost of maintenance of Liemnr works np to 1877, excluding transportation of sew- 
age in boats and utilization, 45 cents per year per head. Cost of maintenance of cade 
system, 73 cents per year per head. Ketum from sale of Liemur sewase in 1877, fS^ 

In 1^ it was not salable unless prepared, as follows: When mixed with contents 
of casks in equal parts it sold for 60 cents x>er cubic yard delivered. When mixed 
with street sweepmgs it sold for 30 cents per cubic yard delivered. 

Assessment for system : City paid for the pipes up to 20 inches from houae line : 
owners paid the rest. The latter pay an annual rent of $3.25 for connection, also 18 
cents per hour of labor necessary to remove obstructions in the house-pipes. 

3. Cost of sewerage worke. 

The Liemur works entire have cost $134,500 ; the Liemur himae-flttings, |70 to |00^ 
Including pipes, per dwelling. 
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MAXIMUM BAINVALL8. 



PUoe. 




Z<ondon. 



Ang-— , 1846 
Ang. — , 1846 
July — , 1862 
Oct —.1857 
June — , 1874 
Jane 28, 1878 
July 14, 1880 
(f) 



• 

i 


Lengfhof 
storm. 




• 

P 


Indktg, 


Min. 


Inches. 




&8 


140 


0.024 




2.0 


80 


0.067 




0.5 


15 


0.033 




2.92 


2,160 


0.0018 


(2) 
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80 


0.032 




8.0 


90 


0.038 




*0.86 


12 


0.930 




&0 


00 


0.067 
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UAxuniH KAiKFAixa — Contianed. 




,, Heft.H. 

<^ Dr. IflrtMih'i Ftar^od Lezlocra, ISSR. 
... T. • — *» AjmeW, W° - "" 



■tUtU«h«T Cuilg, ISTB. 



Lttgaat qoADtltiea of rsinfall occor in the sommer, and oaoAUy «xtmid over Ikrm 
at«M. ' TamtioiiH of qnsutity iacreaM with the eUration above the sea. BainCtUs 
in or near eleTated le^ons aie geoerallr greater than in low and flat region*. Mora 
mlitfttle oocnr In warm than iu cold o '" 
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APPENDIX No. 3. 
CATALOGUE OF PUBLICATIONS RELATING TO SEWERAGE. 

CoMFiLBD Bt Buoolph HxBno, C. B. 

I.— English Language. 

Class A. — Book* and pamphhtSf including articles from periodioaU pubUihed in>aratel$iM 
hook form, CJaBtdfied according to auHvora and in a few instances to places andsuhfeets. 

Adams, J. W. — Sewers and drains for popnlons districts. Syo., 228 pp. New Toii:, 

1880. 12.50. 
See Class B. Brooklyn. 



American Public Health Association. — Proceedings of the . 

Austin, Henrt.-^A few |>ointS in relation to the drainage of towns. "Transactions 

of the Nationf^ Association for the Promotion of Social Science." 1857, p. 42^ 

429. 

See Class B. Croydon, Utilization of Sewage. 

Banner. — Wholesome houses. 

Bardw|[LL.~A hrief account of Mr. Bardwell's improved method of ntilizine sewag* 

and urine, and for facilitatinff their passage through pipes to prevent tne jralla- 

tion of rivers and streams. 6d, 

Twelve reasons against sewage irrigation. Zd, 

Barry, T. D. — Present state of the sewage question. 8vo.,18 pp. Liverpool, 1870. U. 
Bayles, J. C. — House drainage and water service in cities, villages, ana rural neigh- 
borhoods. Roy. 8vo., 350 pp. New York, 1878. |3. 
BAZAI/3ETTE, J. W. — Lccturo ou the main drainage of the metropolis. 8vo., 41 pp. 

1857. 
Main drainage of London. Proceedings of the Institute of Civil Eng^een. 

8vo.. 92 pp. Loudon, 1865. 
West metropolitan main drainage works. " Engineer," 1873, vol. 36, pp. 95-99- 

102-136-169-256. 

The sewage question. Proceedings of the Institute of Civil Engineers. 8vo., 



192 pp. London, 1877. 

See Class B. Cambridge, Metropolitan M. D. 



Bell, R. — Objections to Bazalgette'sscTheme for the drainage of the metropolis. 8vo. 
London, 1856. 

BiKcii. — Disposal of town sewage. 8vo., 36 pp. London, 1870. |0.50. 

Birch, R. W. P. — Sewage irrigation by farmers, or fifty instances of profitable sew- 
ago utilization. 8vo. London, 1878. 2s, 6d, 

Bird, P. H. — Hints on drains, traps, closets, sewer-gas, and sewage disposal. 8vo. 
London, 187-. 2«. 6d. 

Ventilation of house-drains, soil-pipes, and sewers. 

BiRMiNGHAM.—The sewage of . "Engineer," vol. 32; 1871; No. I, p. 320; No. 

II, p. 355. 

Blake. — Sewage-poisoning. How to avoid it in the cheapest and best wa^. 

BouLNOis, H. P. — Sewer ventilation. Improved system for disposal of noxious gases 
from sewers. 8vo., 16 pp. Exeter, 1880. Qd, 

Broom, G. C. — Wolverhampton sewerage scheme, and hints on the ventilation of 
house drainage. 8vo., 50 pp. Loudon, 1878. Is, 6d, 

BuCHAN, W. P. — A text-book to the practice of plumbing and house drainage. ( Weale's 
series.) Timo., 232 ]ip. 300 illustrations. London, 1880. 3s, 6d, 

Buck. — Treatise on hygiene and public health. 2 vols., 8vo. New York, 1879. 

BucKHURST, Hill.— Sewage, utilization of . "Engineer," 1872, vol. 34, p. 207. 

Burke, W. Ralph. — ^A baud-book of sewage utilization. 8vo., 60 pp. London^ sec- 
ond edition, 1873. 3s, 6d. 

Burn, Scott. — Utilization of sewage, irrigation and reclamation of waste land. 2$, 6& 

Carpenter, Dr. A.— Preventive medicine and public health. Lectures on Bedding- 
ton sewage farm, &c. 12mo., 367 pp. London, 1877. 

6ee Class B. Croydon. 

Chatterton. Sc4i GowER. In Class B, see Cambridge. 

Chaumont. Healthy habitations. 

Chesbuough, E. S.— Sewerage ; its advantages and disadvantages, construction, and 
mainteuance. lYom eighth aunual report of the State board of health of Massa- 
chusetts. 8vo. Boston, 1877. 

See Class B. Brookline, Chicago, New Haven. 

Child, Dr. Gilbert W. — The present state of the town sewage question. 8vo., 34 
pp. Oxford, 1865. 
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Clarkb, £. C— Common defects in house drains. Syo., 24 pp. Boston. Extract 

from State board of health reports, 1879. 
Concrete. — Bournemouth drainage. Vindication of the rock- concrete tubes. 8vo. 

London, 1879. la, 
CoPELAKD, James. — Drainage and sewerage of London and large towns; their evils 

and cures. 12mo., 3b pp. London, 18i>7. 
CORFIELD, W. H. — Digest of fticts relating to the treatment and utilization of sewage. 

8vo., 343 pp. London, 1871. 10«. 

Lecture on water supply, sewage, and sewage utilization. London, 1875. 

Laws of health. 12mo., 152 pp. London, im). 18d. 

Sanitary construction of dwellings. 

Crooks, Wm. — ^Experience with the ABC process of purifying sewage. 8vo., 8 pp. 

London, 1872. 
Crooks, Wm. — Recent trials of the ABC process made at Leeds. 8yo., 8 pp. Lon- 
don, 1876. 

The profitable disposal of sewage. 8vo., 18 pp. London, 1876. 

Danchell, F. H.~Conceming sewage and its economical disposal. 8yo., 40 pp. 

Londoxi, 1872. U, 
Dkmpskt, Drysdale. — Rudimentary treatise on the drainage of districts and lands. 

12mo. London. 1854. 
DsMPSET, J. J. — ^Tne metropolitan main drainage question. What has been done 

and what is to be done. 8yo. London, 1858. 
Rudimentary treatise on the drainage of towns and buildings. 12mo., 250 pi>, 

London, 1867. 2«. 6J. 

Drainage of districts and lands. 12mo. London, 1869. U, 6d, 



Denton, J. Bailey.— Sewage farming. 1870. 

• — Sewage the fertilizer of land, and land the purifier of sewage. 1871. 

Intermittent downward filtration and irrigation. 1873. 

Sanitary science applied to towns and rural districts, 1874. 

Sanitary engineering. Roy. 8yo., 429 pp. London, 1877. £1 5«. 

House sanitation. Water supply, and domestic filtration. 8vo., 16 pp. 1879. 

Intermittent downward filtration, per «e, and in combination with sunace irri- 



gation. 8vo., 30 pp. London, 1880. Is. 

— Ten years' experience in intermittent downward filtration. Svo., 78 pp. Lon- 
don, 1880. 

— Sanitary works and sewage utilization. 8yo. London. U, 

— The sewagje question.' 8vo. 
Under-drainage of land, its development and maintenance. 8vo. 



Donaldson, Geo.— Dramage of the town of Richmond, Surrey. Proceedings of the 
Institute of Civil Engineers. 8vo., 17 pp. London, 1856. 

DowNES. — How to aToia typhoid fever and allied diseases. Plain rules on house 
drainage. 

Drainage. — A scheme for the effectual drainage of towns, with projects of important 
natural measures which may be ingrafted upon it. 8vo., 42 pp. Plates. Lon- 
don, 1^5. 

DuTSDALE AND Haywood. — Health and comfort in house-building. 8yo., 129 pp^ 
London, 1876. 

Dyke, T. J. — Downward intermittent filtration of sewage at Merthyr Tydvil. 

Eabsie, Wm. — Healthy houses. 12nxt).. 230 pp. New York, 1876. |1. 

Sanita^ arrangements for dwellings. 

EWAi^.— Sm Class B. Oxford. 

F. C. — Plan for collecting sewage in London and other towns, and removing it to the 
country. 1858. 6d, 

Fanning, John T.— A practical treatise on water supply engineering in North Amer- 
ica. With numerous tables. 8vo.,e20pp. New York, 1878. |6. 

Farms. — Sewage farms. " Engineer," 1874, vol. 38, p. 33. 

Fknwick, a.— Truth about sewage in a few words. 18mo., 28 pp. London, 1874. 1». 

Fergus. — The sewage question. Edinburgh Medical Journal, 1878. 

Field, Rogers. — By-laws and regulations with reference to house drainage. 2d cd., 
tfvo., 27 pp. London, 1878. Is. 

Field, Haviland and , — Late visitation of typhoid fever in the school and 

town of Uppingham. Small folio, with maps. 

FoLSOM, Dr. C. F.—Disposal of sewage. ''Massachusetts State Board of Health 
reports." January, 1876, pp. 276-408. 

See, alsOf Boston, in Class B. 

Fox, Dr. C. B. — Disposalof the slop- water of villages. lUus. 8vo.,32pp. London,, 
1875. 1«. 6d. 

Frankland, Dr. E. — Water analysis. 8vo., 139 pp. London, 1880. 

See Class B. England, Rivers Pollution. 

Fbxnch. — ^Fazm drainage. $1.50. 
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OiXTON, DouoLAS. — Observations on the constroction of healthy dwellings. 8va, M 

pp. Oxford, 1^^. 108. ed, 

See Class B. Metropoutan M. D. 

-Gamble, J. Geo.— Brighton intercepting and outfall sewers. Proceedings of fti 

Institute of Civil Engineers. 8vo., & pp. Plates. London^ 1876. 
Glex, Alex. — The law relating to the Lower Thames Valley mam sewenge boat; 

with map, notes, &c. 5«. 
Law relating to public health and local government. 8vo., 1,000 pp. I* 

don, 1866. 
GooDisoN. — See Reade. 
^oux. — On the sanitaiy improvement of towns and the utilisation of the idhk 

Description of the Goux system. 1875. 6d. 
Oower. — Abingdon sewerage, by C. F. Gower, and the main drainage of ToTqiUKr,^ 

G. Chatterton. Proceedings of the Institute of Civil Engineers. 8vo.,€D||l 

London, 1880. 
<jRAY, Dr. JoiiN. — Observation on house and general sewerage. 8vo.,36pp. DaUi^ 

1855. 
<]rREEN, J AS. — Reccut improvcment-s in the drainage and sewerage of Bristol. V^ 

ceedings of the Institute of Civil Engineers. 8vo., 34 pp., with map. Londfli, 

1?^48. 
CrUY, W. A. — On the health of towns, influenced by defective cleansing and drainaii; 

and on the application of the reruse of towns to agricultural purposes. Lectin 

delivered before the Russell Institute. London, 1846. 
Habcoll. — Engineering Field Work ; embracing water-works, sewage, and izri|»- 

tion. 2 vols., 8vo. London, 1871. $10. 
Harrison, Jno. Thornhill.— Drainage of the district south of the Thames. Flo- 

ceedings of the Institute of Civil Engineers. 8vo., 59 pp. London, 1867. 
Hartley. — Air audits relation to life, ttvo., 280 pp. London, 1875. 
H AS wkll.— Sewerage and sewage of the City of New York. 18mo., 20 pp. Kev 

York, 1877. 
Havilaxd aud FiKLD. — Late visitation of typhoid fever in the school and town of 

Uppingham. Small folio, with maps. 
Hawksuaw.— *S^ Class B. Clyde. 

Hawksley.— iSf« Class B. Metropolitan Main Drainage. 
Haywood, CoL—See Class B. Likrnur. Metropolitan Main Drainage. 
Haywood, Drysdale, «& . — Health and comfort in house building. 8vo., 189 

])p. Loudon, 1876. 
Hederstedt, H. B.— The drainage of Paris. Proceedings of the Institute of CiTil 

Eugiueers. 8vo., 25 pp. Loudon, 1865. 
Hellyer, S. S. — The plumber, and sanitary houses. 8vo., 321 pp. London, 1880. 
Hickey, W. K. S. — The carbonization or dry distillation system of conservanoy, with 

a note on dry sewage, by F. J. Mouat. Daijceling, 1869. 
HiLLE, F.^^ewage dismfecting and filtration process. 1876. 
Hope, Wm. — The distribution and agricultural use of town sewage. Buildery voL S7. 

1869, p. 382. 
Hope, W. — Lecture on sewage irrigation. Delivered to rate-payers of West Derby. 
HosKiNS, O. O. — An hour with a sewer rat. 18mo., 68 pp. London, 1879. 
HoREAU, H. — New purifying sewers for the Thames. 1858. 3d. 
Hughes, S.— Note on Professor Way's analysis of two specimens of sewer wstsr. 

1863. 6d. 
HuMBER, Wm. — Main drainage, metropolis. Description of works and plans. Bee- 

ord of the progress of m^em engineering. Vol. 3, 1865 ; vol. 4, 1866. London, 

large folio. £3 3«. each. 
HuMBBK. — ^Water supply of cities and towns. Large folio, with atlas. 300 pp. Chi- 
cago, 1879. 
ISAACS,L.H. — A practical treatise on sewerage and drainage. 8vo.,46pp. lUasitcatsd. 

London, 1859. 
Jacob, Arthur.— Treatment of town sewage. Proceedings of the Institute of Cinl 

Engineers. 8vo., 24 pp. London, 1871. 
Jenkin, F. — Healthy houses. New York, 1879. 

Jones. — Will a sewage farm pay f 8vo., 51 pp. London, 1874. 1«. 6d. 
Karwiese. — See Class B. District of Columbia. 
KRATivo.—See Class B. Halifax. 
Kemp, R. — The Thames: Great scheme for proiitable investment, metropolitan 

improvement, and national benefit. 1858. 3d. 
KiBKWOOD. — ^The Brooklyn water-works and sewers. Royal 4to., 160 pp., with atlsi. 

New York, 1867. 

See Class B. Filtration. 

Klippart. — Principles and practice of land drainage. Illustrated with 100 engrav- 
ings. 8vo., 454 pp. Cincinnati, 1868. $1.75. 
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Xrbpp, F. — ^The sewage question. Royal 8vo., 208 i>p. London, 1867. 
Xatham, Baldwin.— On the porification and utilization of sewage. London, 1866. (f ) 
■ A scheme of sewage and sewage utilization for Homsey, prepared for the local 

board of health. 8vo., 30 pp. Ix>ndon, 1869. 28. 6d, 

Sanitary engineering; a j^ide to the construction of works of sewerage and 



house-drainage. Second edition, with numerous plates and wood-cuts. 8vo., 559 

pp. London, 1878. £1 10«. 
XiAWES, J. B. — The sewage of London. Journal of the Society of Arts^March 9, 1855. 
JLethebt.— Sewaee and sewer-gases. Saoitary Review, 1858, p. 275-296. 
JLetuebt, Dr. — Tne sewage question. 8vo., 204 pp. London, 1872. 4a. 6<l. 
liifeOE.^Sewers in . I^ceedings of the Institute of Civil Engineers, vol. Ivi, 

p. 343. 
liiERNtm. — See Power; Zehfuss; and Class B, Lierxub. 
liONDON. — The new street between BlackMar's and the Mansion House; sections of 

subways, sewers, &c. Engineer, 1869, vol. 27, p. 382. 
IjUMLET.— The public health act, 1875. 8vo.. 640 pp. London. 1876. 

The rivers pollution prevention act, lo76. 8vo., 50 pp. London. 1876. 

Hacasset. — Hints on the water supply of small towns and villages. 8vo. 
MAcDoxALD.^^uide to the microscopical examination of drinking-water. 8vo., 56 

pp. Illustrated. Philadelphia. 1875. 
Hannino, Robt. — Sanitary works abroad. Assainissement de la Seine. Assainisse- 

ment de Berlin. Translated by . 8vo., 66 pp. London, 1876. 2«. 

Marsh. — Handbook of rural sanitary science. 8vo., S^ pp. London. 1876. 
Masters, Henry. — ^An architect's letter about sewer-gas and house drainage ; *^ how 

to keep out the former and how to construct and ventilate the latter." 8vo. Lon- 
don, 1876. Is. 
McKiE. — Scfi Class B, Carlisle. 

Melliss, I. C. — The sewage question solved. 8vo., 22 pp. London, 1875. Is. 
Melliss. — ^ee Robinson and Melliss. 

Menzies. — Treatise on the sanitary maliagement and utilization of sewage. 4to. Lon- 
don, 1865. 12«. 6d. M 
Menzies, W. — ^Additional statements by in support of his plans for the drainage 

of towns. London, 1865. 
Mitchell, J. — Practical suggestions for relieving the overcrowded thoroughfares of 

London ; securing improved means of locomotion ; diverting the sewage from the 

Thames, and appropriating it to agricultural use. Maps, olq. 1857. 2s. 
MoNSON, Ed. — ^The advantages of the separate system of drainage, with a description 

of the works designed and carried out by the author at tne town of Halstead, 

Essex. 8vo., 29 pp. London, 1875. Is. 
Moors, C. F. — Suggestions for improvements in the sewerage of cities and towns. 

8vo. Dublin, 1854. 
Moore, Sandford. — Utilization of the sewage of Paris. Medical Times and Gazette, 

June, 1870. 
MoRANT, Alf. W. — Description of the Leeds sewage works. 8vo., 20 pp. London, 

1876. 

MOUAT.—Sse HiCKBY. 

MoULS, Rev. H. — National health and wealth instead of the disease, nuisance, expense, 

and waste caused by cess-pools and water drainage. . 1861. Is. 
National health and wealth promoted by the general adoption of the dry-earth 

system, including the safe, inoffensive, and profitable disposal of liquid refuse. 

1875. 8t. 
MuKiciFAL AND SANITARY Enoineers AND SURVEYORS. — Proceedings of the Asso- 
ciation of . 8vo. 10s. 6d. per volume. 

Naval officer. — Sanitary sittings ; or results of sewage systems oompared, by a . 

8vo. 20 cents. 
Nichols.— Sewer air. Boston, 1879. 
Odbll, F. S. — ^The sewerage of Memphis. Transactions of the Amerioan Society of 

Civil Engineers. February, 1881. 8vo. New York. 
OuoH, Hen. — Hints on house drainage for owners, occupiers, and builders. 8vo., 15 

pp. London. 6d. 
Paris. — Sewers in . Proceedings of the Institute of Civil Engineers, voL Ivi, 

p. 342. 
Parkes, Dr. £. A.— Public health. 8vo. 28. 6d. 
— — Practical hygiene. 8vo., 730 pp. London, 1878. 
Parkin, Dr. John. — Letter to the Metropolitan Vestnes on the main drainage scheme. 

1860. (Private.) 6d. 
Philbrick. — Defects in house drainage and their remedies. 
Phillips, John. — The drainage and sewerage of towns. 8vo., 36 pp. London, 1872. 

1«. 6d. 
Pelbrow, Jas. — Separate system of sewering. Tottenham, Middlesex. Prooeedings 

of the Institute of Civil Engineers. 8vo., 22 pp. London, 1875. 
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Power, W. A. — ^Manafacture of poadiette by the Liemnr pneumatic proceas. 8tq, 

8 pp. Dnblin, 1876. 
Radcliff.— iSee Class B. Local Governmsmt Boabd. 
Rawlinsox, Rdt. — Drainage of towns. Proceedings of the Inatitnte of Ciril £^ 

gineers. 8vo., Old pp. London, 1654. 
Suggestions in regard to sanitary works required for improving Indian statiflK 

London, 1864. 
Lectures, reports, &>c,, on sanitary questions. 8vo., 154 pp. London, 191 

38, Gd. 
Suggestions as to the preparation of district maps and of plans for main aev»> 

age, cCainage, and water supply. 4to., 40 pp. Plans. ' London, 1878. Price vi& 

plans, 3«. 

See Class B. Aldershot, Barkino, Dublin, Local Govbrnms2«t Boau, 



Tynemouth, Metropolitan M. D., Rivers Pollution, Utilization of Sii- 

AGE, York. 
Reade and Goodison. — On the construction of sewers in running sand. Engines, 

1870, vol. 30, p. 227. 
Redoravk and Shelford. — Sewage utilization. Proceedings of the luBtitnto of 

Civil Engineers. 8vo., 80 pp. Liondon, 1876. 
Reynolds, O.— Sewer-gas and house drainage. 12mo., 34 pp. London, 1876. 
Robertson, Dr. — Sewage difficulties, asylum sewage irrigation. Meidical Time^ 

1865, No. 780. 
Robinson, H. — Sewage disposal. 8vo., 80 pp. London, 1880. 4«. 
Robinson and Melliss. — Purification of water-carried sewage. 8vo., 216 pp. Loo- 
don, 1877. 6«. 
RoE.^^auses of accumulation of deposit in sewers. Proceedings of the Institute of 

Civil Engineers. London. 1842. 
Rogers, J. W.— Facts and fallacies of the sewerage system of London, ^bo. London. 

38. 6d. 
RussEL. — Sanitary houses. 
Salter, Stephen. — On the ventilation of sewers, cess-pools, and house-drains, aai 

the construction of healthy dwelling-houses. 8vo., 15 pp. London, 1878. 
Sanitary Commission.— Proceedings and reports of the of the cityof Atlaata, 

187G. 8vo. Atlanta. Ga. 1877. 

Sanitary Institute. — Transactions of the of Great Britain. 1877-*78-W-^ 

Sayer, Dr. A. — London main drainage. The nature, value, and disposal of sewage, 

with considerations on drainage, sewage, and sewerage ; sketches of the water 

supply and of the legislation on sewers, ancient and modem. 8vo., 152 pp., 2d 

edition. London, 18^. 
Sewage Treatment. — ^The Rivers Purification Association, limited. Svo., 21 pp. 

Loudon, October, 1879. 1«. 
Shedd.— iS«€ Class 15. Holyoke, Lynn, Providence, Taunton. 
Shelford.— 6*ee Redgrave. 
Shone.— 5ec Class B. Stansby. 
Simon. — Filth diseases and their prevention. 
Slagg, G. — The principle of town drainage. Royal 8vo. London, 1868. 

Sanitary work in the smaller town and villages. London. 

Smith, Dr. B. Angus.— Air and rain. 8vo., 600 pp. London, 1872. 

Smith. — Handbook for inspectors of nuisances. 8vo., 296 pp. London, 1873. 

Disinfectants and disinfection. Edinburgh. 

Society of Arts. — Conference on the health and sew-erage of towns and national 

water supply. 8vo., 6 vols. 1876-77-'78-'7^'80. 
Tarbotton, M. O. — Sanitary legislation and science, with especial regard to sewage 

and water supply. 8vo. $0.40. 
Regulations to be observed in the drainage and water supply of towns and 

country houses. 8vo. 

See Class B. Nottingham. 



Target, F. — Main draiuuge of Paris. Proceedings of the Institute of Civil Engineen. 

8vo., 25 pp. With plates. London, 1878. 
Teale, T. P. — Dangers to health in our own houses. Illust. 8vo. London, 1879, 

2d ed. 10«. 
Thorburn, T. C— Ventilation of sewers in Birkenhead. " Builder," 1870. VoL 88, 

p. 610. 
Thudichum, Dr. J. L. W. — An improved mode of collecting excreraontitious matter. 

with a view to ite applications to the benefit of agriculture and the relief of local 

taxation. A paper read before the Society of Arts, dvo., 12 pp. 1863. 
Trounce. — Health and sewage of towns. Society of Arts Coiiierenee. London, 1876. 
Varona, a. D. — Sewer-gases: Their nature and origin, and how to protect our 

dwellings. 18mo. Brooklyn, 1879. 
Ventilation.— Sewer . " feugineer," 1870. Vol. 30, p. 388. 
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iKOy Jr. , George E. — Draining for profit and draining for health. Hlostr. 8vo. 
Jew York, 1875. 

— Sanitary condition of city and country dweliinji^-hoases. 16mo. Science series, 
iew York, 1877. 

— The sanitary drainage of houses and towns. 8vo., 343 pp. Illnstr^ New York, 
1878. 10». 6d. 

— House drainage and sewerage. Paper read before the Social Science Associa- 
;ioii, Philadelphia. 8vo., 20 pp. 1878. 

— llie sewerage of Memphis. Transactions of the Sanitary Listitute of Great 
Britain. Vol. 2, session 1880. London, 1881. 

— Earth-closets and earth sewage. 

— Village improvements and farm villages. 

— The causation of typhoid fever. Pamphlet. 
~ Exoremental diseases. Pamphlet. 

— The sewerage of village — cities. Pamphlet. 

^ The sewering and draining of cities. Famphlet. 

~ The storm-water question in town sewerage. Pamphlet. 

— Suggestions for the sanitary drainage of Washington City. Pamphlet. 
r.— 5w Class B. Rivers Pollution. 

TB, W. H. — Main drainage of Oxford. With plates. 8 vo., 23 pp. Oxford and 
London, 1877. 

K9TBED, T. — Observations upon the nature, properties, and value of the patent 
solid manure, with statement by , showing the origin of the scheme for re- 
moving the sewage of towns by means of a tunnel sewer having an artificial full, 
I860. 6d. 

— See Class B. Croydon. 

SON, Dr. Geo. — A handbook of hygiene and sanitary science. lUust. Crown 
)vo. 109. 6d. 

— Sanitary work in villages and country districts. Crown 8vo. la. 6d. 
iDHBAD. — Dangers to our sewers and house drains, with description of means of 
«medying these dangers. 

»LRrcH, W. H.— The law of sewers. 3d edition. 1864. 12«. 
SLBT, WM. — Thames Reform. A new plan for the drainage of the metropolis; 
ximbined with practical suggestions for public convenience, health, and reorea- 
blon ; second edition, with maps and explanatory section, drawing of new rail- 
ray thoroughfares, &c. 8vo., 54 pp. London, 1858. U, 6d. 
rUBS, F. — raeumatic sewage system. (Ldemur.) 8vo., 62 pp. Cologne, 1869. 

» B. — BeporU and official documents or oommunioationaf 6la$8\fied according tolocdUHee 
and in a few instanoee according to authors or sulfjecU, 

BB8HOT. — Bawlinson's report on the alleged pollution of the river Black water by 

lewerage permitted to fiow unclarified m>m the Camp farm at . 2 parts. 

1870. 

ucAN Public Health Association Reports. 

C86MXNT8. — Report on sewer . 8vo., 52 pp. Providence, 1877. 

kXTA. — ^Reports and proceedings of the sanitary commission of the city of , 

Georgia. 8vo. Atlanta, 1876-77. 

nxoRK. — ^Report on the sewerage commission in . 4to., 24 pp. Baltimore, 

1868. 

KIKO. — ^Rawlinson's report as to the pollution of the Thames by the discharge of 

sewerage at , with evidence and plan. 1870. 

— The phosphate sewage process for detecting and utilizingthe sewage of towns. 
Beports on a visit of inspection of the works at Barking, 1873. Qd, 
CEVHKAD.— See Class A. Thorburn. 

mroRAH. — Sewage inquiry. Report of . 8vo., 254 pp. London and Bir- 
mingham, 1871. 

— £e Class A. 

ION. — Remarks on metropolitan main drainage before the Joint committee on im- 
proved sewerage. By C. F. Folsom. 8vo, Boston, 1876. 
^ Board of Health reports. 

— Report on the improved sewerage in . 8vo., 38 pp. Boston, 1877. 

mnxouTH Drainage.— jSm Class A. Concrbtb. 

}IIT0N. — See Class A. Gamble. 
ftOL.-^Sef Class A. Green. 

OKUKE. — Report concerning a system of sewerage for . By Chesbrough 

9t al. 8vo., 18 pp. Boston, 1875. 
>KLTir. — Board of health reports. 



t «: 
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— Report of the eDgineer (J. W. Adams) to the commissioners of sewera^ of 
Brooklyn on the general drainage of the city. 8vo., 50 pp. 1 map. Brooklm, 
1809. 

Report on relief sewers for to the Board of City Works. By Wm. E. 



Worthen and Robt. Van Bnren. 8vo., 19 pp. Brooklyn, 1878. 
BuRKHURST Hill.— «See Class A. 
BuRSLEM. — Report of the sanitary committee to the local board and urban sanitary 

authority of . 16mo., 16 pp. Burslem, 1876. 

Cambridge.— Report on the diversion of the sewage of from the river Cam. 

By J. W. Bazalgotte. Law and Chatterton. Svo., 18 pp., with plan. London, 

1878. 
Carlisle. — Report on the ventilation of sewers and drains. By H. N. McKie. 8to., 

14 pp. Carlisle, 1878. 
Report on the subject of sewage irrigation. By H. N. McKie. 8vo., 28 pp. 

Plans. Carlisle, 1879. 
Chicago. — Report of examination made in relation to sewerage in several European 

cities. By Ed. S. Chesbroogh. 8vo., 95 pp. Chica^, 1^8. 
Clyde. — Report by Sir John Hawkshaw on the purification of the , with maps, 

&c. 1876. 7«. 6d. 
Croydon. — Preliminary inquiry by Southwood Smith and Sntherland on the epi- 

deuiic at ; and reports by Grainger and Austin on the circumstances con- 
nected with the epidemic attack of fever at Croydon ; and further report of Mr. 

Austin on Croydon Drainage. 2 parts. 8vo. 1853. la, 6d. 
Reports of Arnott and Page relative to the prevalence of disease at 

and to the plan of sewerage, with evidence. 18W. 78 pp. 1«. 
Report from the consulting engineer to the Greneral Board of Health on the 

Croydon drainage. By Henry Austin. 8vo., 33 pp. 1853. 
Wickst^ed's report on the state of the works of drainage and sewerage at Croy 

don and the measures proposed to remedy its defects. Plans. 24 pp. 1854. 2<. 6ii 
See Class A. Carpenter. 



District of Columbia. — Plan for the improvement of the sewerage of the , 

By G. Karwiese. Senate document-s. Washington, 1878. 

Drainage. — Minutes of information eollect'ed by the general board of health with 
reference to works for the removal of soil- water or drainage of dwellinip-houses 
and public edifices, and for the sewerage and cleansing of the sites of towns. 
Diagram. 8vo. 1852. 5f. 

Minutes of information collected by the general board of health in respect to 

the drainage of laud forming the sites of towns, to road drainage, and the facili- 
tation of the drainage of suburban lands. 8vo. 1852. 3«. 6(2. 

Dublin. — Report of the royal commissioners on the sewerage and drainage of the 

city of . By Robt. Rawlinson and F. X. McCabe. Folio, 276 pp. With 

plans. Dublin, 1880. 

Edinburgh.— Report on thfe sanitary condition of . By Henry P. LitUc^obn^ 

M. D. 8vo., 128 pp. Edinburgh, 1866. 

England. — Report or the general board of health on the execution of the nnisances' 
removal and public health acts. 8vo. 1849. 1«. M. 

Report of the general board of health on the supply of water to the metrop- 
olis. 5 vols., with 4 appendices. 8vo. 1850. 1st app. Answers of sevenJ met- 
ropolitan water companies. 2d npp. Engineering reports and evidence. 3d app. 
Medical, chemical, geological, and miscellaneous reports. 4th app. The cess-pool 
system in Paris. 

Reports and papers of sugge6tions on the proposed gathering grounds ftxr the 

supply of the metropolis from the soft-water spring of the Surrey sands. By 
Wm. Napier. 8vo. 1851. 

Minutes of information collected in respect to the drainage of the land fiinn 

ing the sites of towns, to road drainage, and the facilitation of the drainage of 
suburban lands. 8vo., 125 pp. 1852. 

Minutes of information collected with reference to the works for the removal 

of soil- water or drainage of dwelliug-houses and public edifices, and for the sewer- 
age and cleansing of the sites of towns. 8vo. , 207 pp. 1852. 

Minutes of iniormation collected on the practical application of sewer-water 

and town manures to agricultural production. 8vo., 167 pp. 1852. 5«. 

Return to an order of the House of Lords, dated June 22, 1852, for return of any 

gaugings or reports on conminnications in relation to the sources of the sof^ 
water spriuj^s, &c.; and also return of the average rate of expense of combined 
work of drainage and water supply for towns, &c. 

Minutes of evidence taken irom the select committee on the great London 



drainage biU. Fol., 184 pp. 1853. 
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— ^— Commnnications from the general board of health and reports from 8ui>erin- 
tending inspectors of the board made to the secretary of state in relation to the 
reports of the engineers of the metropolis sewers commission in respect to the 
opJeration of pipe sowers, fc^vo., ir»5 pp. 1855. 

Farm. — Royal Agricultural Society of England. Report of judges apppint4»d to ad- 
judicate prizes in sewage-farm competitions, dvo., 62 pp. London, 1880. 

FiLTRATiox OF RiVRR WATERS. — Report on the for the supply of cities, as 

practiced in Europe, made to the board of water commissioners lb the city of 
^aint Louis. By James P. Kirkwood, Illustrated with 30 plates. Roy. 4to. 
New York, 18G9. $15. 

Okxeral Board of IlEALTU.~i5ee Drainage, England. Utilization of sewage. 

Glasgow. — Report by the deputation and board of police of on the method 

of disposing of sewage adopted in various towns in England. 8 vo., 52 pp. 
Glasgow, 1^. 6^. 

Halifax. — Scheme of sewerage for the city of , Nova Scotia. By E. H. Keating. 

8 vo., 19 pp. Halifax. 1876. 

Hastings. — Abstract-s of report« on the new drainage system of and Saint 

Leonardo. By J. C. Savery. 8 vo. Saint Leonardo-on-Sea, 1868. 

HOLTOKE. — Report on a system of sewerage for the city of . By Shedd and 

Sawyer. 8 vo., 23 pp. Holyoke, Massachusetts, 1876. 

HoRNSEY. — See Class A. Latham. 

Karwikse, G. — Plan for the improvement of the sewerage of the District of Colum- 
bia. Senat-e documents. Washington, 1878. 

KiRKWOOD. — Report of tiltration of river waters for the supply of cities, as prac- 
ticed in Europe, made to the board of water commissioners for the city of Saint 
Louis. Bv James P. Kirkwood. Illustrated with 30 plates. Royal 4to. New 
York, 1869. $15. 

Leen Valley. — Report to Nottingham and Seweraee Board, on utilization of ^ 

sewage, &,c. By M. O. Tarbotton. 8vo., 55 pp. London, 1875. 

Leith. — Dr. Macadam on the contamination of the water of Leith by sewage. 

Leonardo. Saint.— Abstracts of reports on the new drainage system of Hastings 
and Saint Leonardo. By J. C. Savery. 8vo. SaiAt Leonardo-on-Sea, 1868. 

Liege. — Sev Class A. 

LiERNUR. — Report on Captain Liemur's pneumatic system of sewerage. By William 
Haywood. 8vo., 84 pp. London, 1876. 

Local Government Board. — Circular of information issued by the local govern- 
ment office as to provisions of the sewage utilization act, '1860. 'Sd, 

^^-^ Report to the on certain means of preventing excrement nuisances in 

towns and villages. By J. N. Radclifif. 8vo., 100 pp. With plans. 1875. 

— ^ Report of local government board committee (Kawlinson, Read) on the sev- 
eral modes of treating town sewage. With plans. 8vo., 130 pp. London, 1876. 

— ^— Annual reports of the London. 

Model by-laws for sanitary authorities. 8vo. London. 



LONDON.^Sm CLASS A. COPELAND, KeMP, LONDON, LaWES, ROGERS, SaYEB. 

£(« Class B. Metropolitan Drainage, Thames. 

Lowell. — Report on a general system of sewerage for the city of Lowell, Massachn- 

netta. By G. £. Evans. Svo,. 56 pp. Lowell, 1874. 
Ltnn. — Report on sewerage for tne city of Lynn, Massachusetts. By J. H. Shedd. 

Svo., 30 pp. Lynn, ISTT. 
McKiE. — ^Report on the ventilation of sewers and drains. By H. U. McKie. 8vo.» 

14 pp. Carlisle, 1878. 
*— Keport on the subject of sewage irrigation. By H. U. McKie. 8vo., 38 pp. 

With plans. Carlisle, 1879. 
Massachusetts. — State board of health reports. 
IfXDPORD. — Report on sewerage. By C. Herschel. 8vo., 22 pp. Medford, Massa- 

ohnaetta, lo73. 
IfXDiCAL Officer. ^Annual report of of the privy council on the state of th& 

public health. Svo. London, 1859 to 1871. 

Medical Officer.— Reports of of health. New series. Svo. 1874 to 1876. 

Annual reports or the of the local government board. Svo. 

Memphis. — See Class A. Odell, Waring. 

Merthyr-Tydvil.— See Class A. Denton, Dyke. 

Metropoutax Main Drainage.— Report of committee on the powers vested and 

exercised by the commissioners of sewers in the metropolis, with evidence. 1823. 

■ Report of committee on state of the law respecting sewers in and near th& 
metropolis, with evidence. 181)4. 3«. 6d. 

■ Pftpers relating to the Metropolis Sewage Manure Company. Plans. 1S46. !•» 

Baport of committee on plans for the application of the sewage of the metro^ 



olis to aiprioiiltiiral porposes, with evidence. 1846. St. 
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— Statement addressed to the department of woods and forests rcs|>ef*tins the 
Metropolitan Sewage Manure Company, by Messrs. Smith, Fowler, Mvlue, ao4 
Clark. Plans. 1846. U. 6d. 



— Reports of commissioners of woods and forests on the Metropolitan Sewage 
Manure Company's bill, with evidence. 2 parts. 1847. U. 6d. 

Report to commissioners of woods and forests by Sir H. De la Beche, Mr 



Wollaston, Mr. Phillips, and Dr. Lyon Play fair, on the London Sewage Chemical 
Manure Company's bill, with evidence. 2 parts. 1847. Is. 6d. 
— Report of Sir H. De la Beoke and Mr. Wollaston on the Metropolitan Sewajjv 
Manure Company's amendment bill, with evidence taken before them. 1847. k 
Report of J. Walker and N. Horn on the Surrey and Kent sewers, with eri- 



dence. 2 parts. 1847. 2$, 
— Statement of Mr. Leslie, complaining of the administration of the commimion 
of Westminster sewers ; reply of the commission, and other papers. Plans. 1847. 
29,6d, 

Metropolitan Sanitary Commission. First report of the commissioners ap- 



pointed to inquire whether and what special means may be requisite for the im- 
provement of the health of the metropolis. Folio. London, 1847. 

— Metropolitan Sanitary Commission. First report. Minutes of evidence taken 
before the commissioners appointed to, ^c. Folio, 189 pp. London, 1847. 

— Metropolitan Sanitary Commission. Second report. Folio, 35 pp. London, 
1848. 

Metropolitan Sanitary Commission. Second report. Minutes of evidence, &c. 



Folio, 44 pp. London, 1848. 
— Metropolitan Sanitary Commission. Third report. Folio, 29 pp. London, 
1848. 

Report of Walker, Cubitt, and Brunei, on the state of the sewerage of the me- 



tropolis and of the city of Londou. Plans. 1848. 2«. 

Reports on the state and condition of the Victoria street sower. Plan. 1851. 



9d. 

— Letters to Mr. Morewood, and resolutions of the commissioners of metropoli- 
tan sewers in reference to the great Londou drainage scheme, and reports of Mr. 
Simpson and others on the Victoria street sewer. 2 parts. Ill pp. 1853. 3«. 
Bazalgette's reports on the application, state, and examination of tubular pipe 



drains or sewers. Plans. 1853. 

— Evidence before committee on the great London drainago bill. * 1853. 2«. 
6d. 

— Reports of Bazal^ette and Haywood on the sewage interception and main 
drainage of the districts north and south of the Thames ; and reporto of Sir W. 
Cnbitt and R. Stephenson thereon. Plans. 1854. :^. 

— Reports of the board of health, and correspondence relating to the drainage of 
the metropolis. 2 parts. Plans. 1854. 3«. 6d. 

Return (Shelley's) of the amount of sower rates ma<le and levied fh>m 1843 to 



1852, showinff the particulars of new works, length, size, &c. 1854. la, 6d. 

— Reports of the aistrict engineers of the metropolitan conmiission of sewers on 
the working of pipe sewers ; and notes of a house-to-house inquiry by Mr. Ward 
and Mr. Cresy, as to the working of four and six inch pipe drains. Plana. 73 
pp. 1855. 08, 

— Reports of surveyors of the metropolitan commission of sewers (Grant, Loviok, 
Cresy) as to the difficulties experienced in executing improved works of hooae 
drainage, and also of water supply and house drainage combined. Plans. 13 pp. 
1855. U, 

Reports fh>m inspectors of the general board of health in relation to the report 



of the engineer of the commission of sewers (Bazalgette) in respect to the oper- 
ation of pipe sewers. 8vo. 1855. 1«. 

— Report to the metropolitan board of works, by J. W. Bazalgette, upon an ex- 
tension of the drainage outfalls north and south of the river. Plans. 8vo. 47 
pp. 1856. 1«. 

Reports of Galton, Simpson, and Blackwell on the plans for the main drainage 



of the metropolis. Plans. 484 pp. 1857. 17«. 

— Report of the proceedings at a conference on the main drainage of the metrop- 
olis, held at the office of works, 5th November, 1857. 1». 

— Report on the drainage of the parish of Camberwell. By J. C. Reynolds. 
1857. 1«. 

Report on the drainage of the metropolis. By J. D. Dougal, C. E. 1858, 



Map. 6<f. 

— Letter from metropolitan board of works containing objections to the plan for 
the main drainage of the metropolis, with reply of Galton, Simpson, and Black- 
well thereto. Plan. 2 parts. 1858. 6«. 

— Plan proposed by C. H. Roberts for the Thames embankment and metropolitan 
drainage. 1858. bd. 
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— Letter to the vestry of the parish of St. George, Hanover Square, on the main 
drainage of the metropolis. By Leslie, John. 1858. 6d. 

Two letters addressed to Lord John Manners hy J. Hiichman, propounding a 



plan to render the line of a canal a conduit to convey sewage, and applicable to 
the removal and appropriation of the sewage of the metropolis, &,o, 1858. 6d, 

— Report of Hawksley, Bidder, and Bazalgette. Plans. 106 pp. 1858. 10«. 

— Government referee's letter in answer to the report of Hawksley, Bidder, and 
Bazalgette. ia58. U. 

— Observations of Bidder, Hawksley, and Bazalgette on referee's letter. 1858. 
6d. 

Communications, proposals, &c., of 1857, '58, '59, for preventing the sewage of 



the metropolis from passing into the Thames within the metropolis, by the for- 
mation of low-level sewers, unconnected wiUi a river embankment or high-level 
intercepting sewer. Plans. 1859. 2s, Ad, 

— Letter of Galton and Simpson on the metropolitan main drainage. 16 pp. 
1859. Ad, 

First report from select committee on sewage (metropolis), together with the 



proceedings of the committee, minutes of evidence. Appendix and index. Fol., 
112 pp. 1862. 

— Second report, id,, together with the analysis of evidence, &,c, Fol., 133 pp. 
1862. 

— Third report, lU Fol., 595 pp. 1864. 6». 6d. 
London sewage. A letter of John Thwaites, chairman of the metropolitan 



board of works. 8vo., 23 pp. 1864. 

— Special report of committee on the metropolis sewage and Essex reclamation 

bill, with evidence. 1865. 

Report of the coal, com, and finance committee of the corporation of the city 



of London, and letter of Baron Liebig on utilization of the metropolitan sewage. 
1865. U, 

— Report of the main drainage committee of the metropolitan board of works 
on the evidence given before a committee of the House of Commons on the sewage 
of the metropolis, and some statements which have been made in reference thereto. 
1865. U. 

The agricultural value of the sewage of London examined in reference to the 



principal schemes submitted to the metropolitan board of works, with extracts 
Irom the evidence of chemists, engineers, and agriculturists. 8vo., 78 pp. Lon- 
don, 1865. l9. 

— Letter of Baron Justus Liebig to the lord mayor of London on metropolitan 
sewage. Munich, 1865. 

Report of the engineer (Bazalgette) relative to the requirements which the 



main drainage is and is not intended to answer. 8vo. London, 1871 and 1873. 
— See England, Local Government Board^ London. 

S^ Class A. Bazalgette, Bell, Copland, Dbmpset, Humber, Parkins, 



WORSLEY, Sayer. 

Michigan. — State board of health reports. Lansing. Dr. Hen. Baker, secretaiy. 
New Haven.— Report on the sewage system of . By E. S. Chesbrough. 8vo., 

20 pp. New Haven, 1872. 
New York. — ^Metropolitan board of health reports. 

See Class A. Haswell. 

North Carolina. — Board of health. Sanitary Engineering. By Wm. Cain. Raleigh, 

looO. • 

Nottingham. — Report to and Leen Valley sewerage board on utilization of 

sewage, &c. By M. O. Tarbotton. 8vo., 55 pp. London, 1875. 

Oxford. — Report on the drainage of , Eton, Windsor, and Abincdon. Proper 

principle to be adopted. By Col. Ewart. Printed by order of nome depart- 
ment. 8vo. London, 1868. 

Oxford. — See Class A. White. 

Paris. — See Class A. Hederstedt, Manning, Moore, Paris, Target. 

Providence. — Sewerage in . By J. H. Shedd. 8vo., 84 pp. Providence, 1874. 

Report by a commission of the .^nerican Society of Civil Engineers on the sew- 
erage of . 8vo., 11 pp. Providence, 1876. 

Report upon sewer assessments. 8vo., 52 pp. Providence, 1877. 



QuiNCY. — Report on sewerage of Quincy, 111. 8vo., 14 pp. 1877. 

Richmond. — See Class A. Donaldson. 

Rivers' Pollution. —First report of commission (Rawlinson, Harrison, and Way) as 

to the best means of preventing the pollution of rivers, with evidence. Thamee, 

Plans. 2 parts. 1867. 

Second report and evidence. Lea, Plan. 2 parts. 1867. 

Third report and evidence. Aire and Calder, 2 parts. 1867. 

'— First report of commission 1868 (Denison, Frankland, Morton). Mersey and 

nibble. Plans. 2 parts. 1870. 

4429 N B H 14 
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— Second report, A B C process of treating sewage. 1870. (A B C — Alum, blood, 
claVf charcoal.) 

Third report and evidence. Pollution arising from the woolen many/aeturet, 



and process connected therewith. Plans. 2 parts. 1871-73. 

— Fourth report and evidence. Rivers in Scotland, 2 parts. 1872. 

— Fifth report and evidence. Pollution arising from mining operations and 
metal manvfacturea. Plan. 2 parts. 1874. 

— 8ixth report. Domestic water supply of Great Britain. With maps. 187i 

— Report of Lords committee on the bill, with evidence. 1873. 1$. 

Reports by the council of the association for preserving the rivers and locbs 



of Scotland from pollution. 1875. 

Rochdale.— Corporation of . Return as to sewage purification. 

Sandoate. — BlacKwell's report on the drainage and water supply of Sandgate in 

connection with the outbreak of cholera there. Plans. 1855. 1«. 
San Francisco, — Report on a system of sewage for . By Wm. P. HumphiT& 

8vo., 31 pp. San Francisco, 1876. 
Sanitary Institute. — Journal of Congress and exhibition of the of Gnu 

Britain. 8vo. 1877, '78, '79/80. 
Sewage. — Papers relative to the disposal of sewage by urban sanitary distrieta. 

1876. 8d. 
St. LEONARDO.—iSee Leonardo. 

Stansby. — Report to the rural sanitary authority, Wrexham Union, on the gravitat- 
ing sewage schemes, per se. intended for , and with proposals for sewering 

the same, on Isaac Shone's pneumatic system. By Isaac Shone, C. £., F. 6. S. 

8vo. 2$. 
Sydney. — Report on the best means of disposing of the sewage of the city of ^ 

and its suburbs. Legislative assembly r^ow South Wales. Folio, 153 pp. 6 plans. 

1877. 
Taunton. — Report on sewerage for the city of . By J. H. Shedd. 8vo., 70 pp. 

Taunton, Mass., 1878. 
Thames. — Effect of sewage contamination upon the river . By W. Odling, 

1858. 1«. 
Report of the committee on Mr. Gumey's report on the state of the river , 

and on the suggestions for its purification. Plan. 1858. 4«. 

Report of Colonel Cox on the valley drainage. 1876. 3tf. 

See Class A. Harrison, Horeau. Class B. Metropolitan, Main Db., 



Rivers' Pollution. 

Torquay.— iSce Class A. Gower. 

Tottenham.— 5ce Class A. Pilbrow. 

Tynemouth. — Report on the sewerage works of . By Robert Rawlinson. 8vo., 

18 pp. North Shields, 1857. 

Uppingham. — See Class A. Haviland. 

Utilization of Sewage. — Austin's report on the means of deodorizing and ntilidng 
the sewage of towns. Plans. 8vo. 1857. 

— Preliminary report of commission as to the best mode of distributing the sew- 
age of towns and applying it to beneficial and profitable uses. Plans. . 8vo., 53 
pp. Is58. 

Second report. Plates. 8vo., 136 pp. 1861. 5*. 

Third report. 8vo. Plates. 276 pp. 1865. 3». 

Two reports of committee (Dr. Brady's) on the best means of utilizing the 



^wage of towns, with a view to the reduction of local t>axation and the benefit 
of agriculture, with evidence. 1862. 

— Report of committee (Lord R. Montague's) on plans for dealing with the sew- 
age of the metropolis anci other large towns, with a view to its utilization for 
agricultural purposes, with evidence. 1864. 6s, 6d. 

Report on the application of sewage at Rugby, Croydon, Carlisle, and Edio- 



burg. See report of metropolitan board of works for 1864-'65. 

Report of the Clarifying and Utilization of Sewage Company. 1875. 6d. 



Wisconsin. — State board of health reports. Madison. 
Wolverhampton. — See Class A. Broom. 
York. — Mr. Rawlinson's report to the local board of health, on a proposed system of 
sewerage and drainage for the city of York. 1852. Is, 

II. German Language. 

Class A. — Books j pamphlets^ proceedings, and extracts therefrom, and articles contained in 
serial publications, <fT. Classified according to authors and, in a ftto instances, to ndh 
jects or places. 

[Note. — ^M. signiflea price in marks.] 

Abendroth, Dr. O. R.— Die Yerwerthnng der Dungabfalle grosser Stadte. gr. foL 
Dresden, 1862. 
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". AssMANN, G. — Ueber die CanaliBiruDg von Berlin. Ein Vortrag gehalten im Archi- 

tektenverein. 8^. 24 pp. Berlin, 1864. Aas Erbkam's ^'Baazeitung." 
Der gegenwartige Stand der Canalisimngsfrage in Berlin. Aus " Zeitscbrift 

fUr Banwesen" von Erbkam. 17. Jabrgang. 1867. pp. 231-244. 
Behrknd, Dr. Fr. J. — Die Canalisirnng der St^t Berlin in gesnndheitlicber Bezieh- 

nng. 1866. 
i Berlin.— Ueber die Berieselungs-Anlagen znr Canalisation von . Aus 

"Deutsche Bauzeitung." 1873. p. :M5. 
Bewikkler, K. — Stndienmassige Besprechnnff der Reinignng n. Entwassemng der 

Stadte dnrch Canalisirnng, mit Rticksicht der durch deu III. intern ationalen medi- 

zinischen Congress in Wien anfgestellton Anforderungen u. deren Losung. 8^. 

Buda-Pest, 1878. 
BoCHMANNf Dr. C. — Reinignng u. Entwassemng der Stadte. Eine hygieniscbe Stu- 

die. 8°. 58 pp. Mit Tafel. Riga, 1877. M. 1.25. 
BoCKENDAHL, Dr. J.— Das Erd- Gruben- Eimer- u. inodificirte Wassercloset in Eng- 
land. Nach dem " Public Health Report " fUr 1869 ttbersetzt. Mit Tafel. 1871. 

M. 2.00. 

See Class B. Kiel. 

Brunner, Dr. L. — See Grubbr. 

BuLOVA, Dr. J. — Ein Vergleich der Kosten verschiedener Stadtereinigungsmethoden. 

1879. M. 0.60. 
BiTROHARDT. — See Class B. Czernowitz. 
BCrkli-Ziegler, a. — Ueber Aniagen stadtischer Abzugs-Canale n. Behandlung der 

Abfallstoffe aus Stildten. 0^. 266 pp. Ziirich, 18(i6. 
Ueber die Massregeln znr Reiuhaltung der offentlichen Gewasser. Zurich, 

1875. 
Grosste Abflussmengen bei stadtischen Abzngscanalen. Technische Mitthei- 

Inngen des schweizerischen Ingenienr- n. Architekten-Vereins. 14. Heft. 8°. (»8 

pp. Mit 3 Tafeln. Ztirich, 1880. 
See Class B. Zurich. 



Canalisation.— Ueber die Reinienng u. der Stadte. Petersburg, 1874. 

Chahxt, J.— Anlage n. Bauder Abzugscanale. Vortrag. 8°. 83 pp. Illust. Wien» 

1876. M. 1.00. 
Child. G. W. — Die Canalisimng der Stadte. Vom Standpunkte der neusten For- 

scnungen. Uebersetzt n. herausgegeben von Dr. R. Ruge. 8^. 36 pp. Mit Tafel. 

Berlin, 1866. 
Danzig. — Wasserleitung, Canalisation n. Rieselfelder in . Mit Plan. 1876. 

M. 1..50. 
Dexttscher Architekten u. Ingeniburb. — Erste Versammlnnff . Discussion 

fiber die Reinignng u. Entwtissemng von Stadten. September 1874. Berlin. 
DoBEL. — See Sautter 
Dt^NKELBERG, Dr. F. W.— Entfemuug stadtischer Abfallstoffe. Aus '* Deutsche In- 

dustriezeitUDg." 1870. p. 428. 
Die Technik der Berieselung mit stadtischem Canalwasser, seine Reinignng u. 

Verwerthung. 12°. 48 pp. Bonn, 1876. M. 0.80. 

Die SpUIjanchcnrieselung. Kritische Beitrage. Berlin, 1875. 

See Class B. Breslau. 



EiGENBRODT, Dr. — Die Stadtereinigung znr VerhUtung der steigenden Verunreinigung 

des Erdbodens nnserer Wohuorte. 1866. 
Emmbrt. — Ueber Stadtereinigung u. die Canalisation der Stadt Bern. 1872. 
England. — Die neuere Sanitatsgesetzgcbung n. Sanitatsform in , deren Ge- 

schichte u. Resultate. Aus **Oest«rlen's Zeitschrift fUr Hygiene, medicinische 

Statistik u. SanitUtspolizei." 1860. pp. 131-165. 

See Lefeldt. 

Entwasserungs-Canalen.— Notizen tiber die Aniagen von . Aus " Zeitschrift 

der Architekten- u. Ingenienr- Vereins flir Hannover." 1867. p. 463. 
Ericksen, Dr. J. — Znr Frage tiber die Canalisation u. Reinignng von St. Peters- 
burg. 8^. St. Petersburg, J874. M. 1.00. 
Erismann, Dr. F.— Untersuchnngen tiber die Verunreinigung der Luft durch Ab- 

trittsgruben, u. tiber die Wirksamkeit der gebrauchlichsten Desinfectionsmittel. 

Aus *^Zeitst!hrift fiir Biologie." Mtinchen, 1875. Vol. xi, pp. 206-258. 
EwiCK, Dr. Otto.— Schwemmcanale oder Liemurt 1873. 

Der heutige Standpiiukt der Reinigungsfrage. 8^. Broch. Leipzig, 1878. 

Fkgebeutel, a.— Die Canalwasser-Bewassemng in Deutschlaud. 8^. 55 pp. 

Danzig, 1874. M. 2.00. 

See also. Class B. Fegebeutel. 

Flinzer, Dr. — Ueber Vernnreiuigung fliessender Wiisser durch Abgange aus Bierbrau- 

ereien. Aus ** Vierteljahrschrift ftir gerichtliche u. offentiiche Medicin." 1867. 

Nene Folge. Vol. vii, pp. 122-138. 
FlCggb, Dr. C.— Hygieuische Untersuchungs-Methoden. 8°. 600 pp. Leipzig, 1881. 
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Frankfurt. — ^Die Canalisation der Stadt , besprochen von einigen Technikem. 

8°. 20 pp. Frankfurt, 1865. 
Friedericu. — Das Friedrichache DeBinfectionfi-Verfahren. 12^. 70 pp. Leipzig, 

1H79. 
Friedmann, Alex. — Die Lufbreinigans grosser Stadt<e durch Ventilation u. Mias- 

nieuverbrennung, mit besonderer Bezugnahme auf die Verhaltnisse der Stadt 

Wien. 8<5. Wien, 1866. 

See Class B. Wien. 

FrChlxnG) a.— Entwasserung der Sttidte. Aus '^Der Wasserbau." Handbnch der 

Ingenieur- WisscDschaften, von Franziiis u. Sonne. 8^. Mit Tafeln. Leipzig, 

FCrstenhaupt, Fr. — Denkschrift Uber Ent- n. Bewassemngsanlagen in groasen 
Stiidten, unter Beseitignng der Strassen-Rinnsteine u. Ueberbrilcknngen, mit be- 
sonderer Beriicksichtigting der lokalen Verh&ltnisse n. Bedilrfnisse der Stadt Ber- 
lin, must. 4^. 20 pp. Berlin, 1864. 

GXrtner.— 5w Petri; 

Gerhard, W. P. — Anlagen von Hauseutwasserungen, nach Studien amerikaniseber 
Verhaltnissen. 8^. 38 pp. lllust. Berlin. 1880. M. 2.00. 

Gesellius, Dr. F. — Canalisation oder Abfubrt Vom Standpunkte der Parasiten- 
theorie, fUr St. Petersburg. 1869. 

Gilbert. — See Lawes. 

Gildemeister, Dr. J. — Die Stadtereinigungsfrage u. ihre sanit&re u. wirthschaft- 
licbe Losung fUr Bremen. 8^. 44 pp. Bremen, 1879. 

Gordon. — See Class B. Dortmund, Heilbronn, Ludwigshafen, MCnchen, 
Stuttgart. 

GOTHA. — Entwiisserung u. Reiniguug der Stadt . Aus der " Vierte^jahrschrift 

ftir ofientlicbe Gesundheitspfleffe." 1874. p. 667. 

GoTTiSHEiM, Fr.— Das unterirdische Basel. 3 Vortrage. 8°. 69 pp. Mit Planen. 
Basel, 1873. M. 1.00. 

GoTTGETREU, G. — Uebcr die Anlage von Brunnen, Cystemen, Wasserleitungen, Cloa- 
kengruben, Scnk- oderSchlinggrubenu. unterirdische Canalen, nebst Andeatim- 
geu zur Beseitigung ihrer gegenseitig nachtheiligen Einwirkungeu unter Bennt- 
zung der von der Natur dargebotenen Bodenbeschaffenheit. Mit besonderem 
Bezug auf die geognostischen Verhaltnisse der Umgegend Kolns, bearbeitet dardi 
. 8P, Koln, 1867. 

Gruber, Dr. O. v., and Brunner, Dr. L. — Canalisation oder Abfuhr T Eine Staats- 
wii-thschaftliche Frage, nebst einem neuen experimentell erorobten Vorschlage 
zur Verarboitung der iiienschlichen Excremente. 1871. M. 1.00. 

Gruvrn, Dr. Hubert. — Canalisation oder Abfuhr f Glogau, 1867. 

Hamm. — Die Desinfection der Stadte. Aus ''Unserer Zen." 2. Jahrgang. 1866. 

Hannover. — Bestimniun^en liber die Anlagen von Hauscanalen in . Aoi 

" Zeitschrift der Architekten- u. Ingenieur-Vereins fttr Hannover." 1875. p. 153. 

Heidelberg. — Die Reinigung u. Entwasserung der Stadt Heidelberg. Von Dr. 
Mittermaier, Dr. Friedrion, Dr. Knauff u. Dr. Moos. Mit Tafel. Heidelberg, 
1870. M. 3.00. 

HoBRECHT. — Canalisation der Stadt Stettin. lllust. Stettin, 1868. M. 6.00. 

HoFMAN, J. G.— Vorschlage zur Reinigung der Stadt Breslau, u. die Schwemmcanali- 
sation. Mit Tafel. 1877. M. 0.40. 

See Class B. Innsbruck. 

HOLZENDORFF.— -Sfe LaWES. 

Innhauser.— 5ee Wien. 

Internationale Verein gegen Verunreinigunq der FlI^sse, des Bodens u. der 

Luft. — Verhandluugen des . lllust. 1878. M. 2.50. • 

Janoke, Geo. — Sch wemm-Canalisation u. die AuHchltisse der Grundstiicke an dieselbe, 

mit besonderer Berlicksichtigunggrossstadtischer Verhaltnisse. lllust. 8^. 54 

pp. Berlin, 1879. M. 2.00. 
Kaftan, JoH. — Systematische Reinigung u. EntwSsserun^ der Stadte, mit besonderer 

Bcriicksichtigung der Schwemmcanalisatiou u. Berieselungs-Anlagen. Mit 5 

Tafeln. 8^. 2o0pp. Wien, 1880. M. 6.00. 
VON Kaven. — Collectaneen iiber Entwiisserung u. Reinigung von Stiidt^n. Ana 

*' Zeitschrift des Architekten- u. Ingenieur-Vereins fUr Hannover." 1863. p. 291. 
Klasen, L. — Die Entwiisserungs- Anlagen in ihren Grundziigen. lllust. 1874. M. 

1.20. 
KxAUFF, M. — Die Hauscanalisatiou in ilirer praktischen AuHfUhrung, mit Hinblick 

auf die tur Berlin gcltendcQ massgebenden Bestimmungen. Vortrag. 1879. M. 

0.75. 
Koch, F. — Die Be- u. Entwiisserungs Anlagen der Grumlstiicke von Berlin. Mit 5 

Tafeln. 1878. M. 1.00. 
Kkkpp, V. — Di<; Caiialisatious-Fra^o vor dem Magistral u. der Stadtvcrordneten-Ver- 

sammlung in Frankfurt a. M. 8^. Darmstadt, 1868. 
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"——^ Landwirthscbaft a. Canalisation, oder : Wasfangen wirmit nnsern stadtiscben 

DiingstofTen an T 8^. Frankfurt a. M., 1869. 
Latham, B. — Ueber die Reinigung u. Verwerthung des Hauswassers. Uebersetzt 

von Wiebe. 1868. Aiis " Erbkam's Banzeitung." (See Wiebe.) 
IjAUBRR, a. — Zur Latrinenfrage. Mit Beziebung aaf die Vcrbiiltuibse Stuttgart^. 

niust. 1873. M. 1.00. 
LtAiTRiN, Ph.— Das Liernurscbe System. 1869. 
JaJL^ms, J. B. — Ueber die Zusammensetznng, den Wertb n. die Bedeiitung desstiidti- 

scben Cloaken-DUngers. Von u. Dr. J. H. Gilbert. Aus dom Euglischen 

iibertragen, u. mit einem Vorwort u. Anbang versebeu von Julius v. Holtzendorff. 

8«5. 116 pp. Glogau, 1867. 
LtEFELDT, W. — Der gegenwiirtige Stand der Abfnhr- u. Canalisationsfrage in Gross- 

britannien. 1872. M. 2.25. 
JjBiTZiG. — Canalization oder AbfubrT Mit besonderer Beziebung auf Leipzig. 8^. 

Leipzig, 1869. 
L.ICHT.— iS« Class B. Danzig. 

LiERNUR, Capt. C. Th. — Ueber das pnenmatiscbe Canalisationssystom zu Prag. Aus 
**Tecbn. Blatt." 1869. p. 48. 

Pneomatiscbe Canalisation in Holland. Frankfurt a. M., 1870. 

Pnenmatiscbe Canalisation, u. ibreOegner. 8^. 30pp. Fraukfurt a. M., 1870. 

Pncumatiscbe Canalisation in der Praxis. Frankfurt a. M., 1873. M. 2.50. 

(Liemur's) System in Amsterdam. Aus **Vierteljabre88cbrift fiir oifeutlicbe 

Gesundbeitspflege.^' 1874. p. 165. 

Ueber die Canalisation von Stadten auf getrenntom Wege im Vergleicb mit 

dem Schwemmsystem. Frankfurt a. M., 1876. 

Canalisation Von Stadten im Vergleicb mit dem Scbweramsystem. Vortrag 

in Bern. iP 136 pp. ZUricb, 1876. 

Liemur'scbe Canalisationssystem. Officielle Bericbte iiber das . Von 

A. Renss. 8^. 144 pp. Heilbronn, 1877. M. 1.80 

Ueber die stiidtiscbe Canalisation als Scbutz gegen Verunreinigung von Luft, 



Boden u. Wasser. Illust. Leipzig, 1878. 

— Stadtreinigungs-iYage. 8^. 30 pp. Bayreutb, 1878. 

— Verunreinigung deutsober FlUsse. 8^. 81 pp. Berlin u. Leipzig, 1878. M. 
1.00. 

Canalisation von Stadten, auf getrenntem Wege. SP. 46. pp. Frankfurt a. 



M., 1879. M. 0.50. 

— Liemur^s System der Stiidte- Reinigung. Bericbt von L. Mitgau. 8^. 24 pp. 
Braunscbweig, 1879. 

Ueber Strassenreinigung in den Stiidten. Illust. Vortrag aus "Monatsblatt 



fUr offentliche Gesundneitspliege." Braunscbweig, 1879. No. 1 and 2. 

— Canalisation auf getrenntem Wege seitens der MUncbner Commission. 8^. 30 
pp. Frankfurt a. M., 1880. M. 0.80. 

— Set, al90, EwiCH, LAUKixand Zehfuss. 
See Class B. Liernur. 



LiNi>LBT, W. H. — Ueber die Reinigung u. Entwiisserung der Stadte, besonders ttber 
das Scbwemmsyst^m in Frankfurt a. M. fol. 11 pp. MUncben, 1877 or 1878. 

See Class B. Frankfurt, Hamburg. 

Linker.— iS0f Class B. Breslau. 

LiPOWSKT, ED.—Heidelberger Touneu-System. Illust. 8^. 36 pp. Heidelberg, 
1878. M. 1.00. 

LiPPOLD. — See Class B. Mainz. 

LoMMER, Dr. — Ueber die Massnabmen zur Abflibmng der Abfalle aus Hausbaltun- 

?;en n. Fabriken groeserer Stadte vom sanitats-polizeilicben Standpunkte. Aus 
* Vierteljabrschnft ftir gerichtlicbe u. offentlicbe Medicin." 1867. Neue Folge. 

Vol. vii, pp. 1-48. 
London. — Die Tbemse u. die neusten Drainagewerke oder Cloakenbanten Londons. 

Ana ^'Oest^rlen's Zeitscbrift fUr Hygiene, mediciniscbe Statistik n. Sanitats- 

poUzei." 1860. pp. 459-494. 
Magnus, Dr. A. — Ueber das Flusswasser u. due Cloaken grosserer Stadte in medici- 

niscn-polizeilicber Hinsicbt. 8^. 90 pp. Berlin, 1h41. 
Magnet, Curt. — Abbandlung liber gerucblose Ansammlung u. Abfubr menscblicber 

Abfallstoffe, mit spezieller Beriicksicbtiguug des Heidelberger Tonnensystems. 

8°. 24 pp. Heidelberg) 1879. 
Habggraff, Hugo. — Wasserversorgung, Canalisation u. Abfubr. (R^sum^ der MUncb- 
ner Commissions-Bericbt*'.) 12^. 60 pp. MUncben, 1879. M. 1.00. 
Materialirn zur Beurtheilung der Fraj^e Uber die Zuliissigkeit der EinmUndung 

stiidtiscber Cloakeu-Was«er in die FlUsse. 8^. 56 pp. MUncben, 1878. 
Mater, Dr. A. — Welcbo Metboden der Stiidtereinigung sind im Allgemeinen n. in 

Souderbeit llir die Verliiiltnis«e de« Grossberzogthums Baden em pfeh lens wertb f 

1875. 
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Meter, F. and. — Die Siele Haroborgs u. Altonas. Separat-Abdrack auB <' Hambon 

in naturhistorischer a. inedicinischer Beziehnng." 8^. 14 pp. Hamburg, 18d£ 
MiTOAU. L. — Canalisation der Stadt Brannsch weig. Vortrag. Mi t Atbis von 26 Zeich- 

nungen. 8°. 29 pp. Wolfenbttttel, 1877. 

JSee LiERNUR. Class B. Braunschweig. 

MiTTBRMAiER, Dr. K.— Die offentliche Gcsuudheitspflege in Stadten n. Dorfern, mit 

besonderer Beziehiing anf die Beseitigung der menschlichen Abfallstoffe. ^\ 

45 pp. Carlsrnhe, 1875. 

See Heidelberg. 

Reiuigung ii. Eutwassemng der Stadte. Referat an die II. General Versainm- 

lung des Verbaudes deotocher Arcbitekten- u. Ingenieur-Vereins zn Miinchen. 

Au8 " Deut«cbe Bauzeitune." 1876. No. 8:J and 85, 1876. 
MoLLiNGER, Carl. — Handbucn der zweckmUssigsten Systeme von Abtritt-, Senk* 

gmben- u. Siel-Anlagen. 8^. 154 pp. Mit 12 Tafeln. 1868. M. 4.50. 
MossELKf ANN. — £in Urtheil fiber das Mosselmannsche Verfahren Excremente mit 

Kalk zu behandehi. Aiis *' Annalen der Landwirtbschaft in dem k. preussisclmn 

Staaten." 5. Jahr^ang. No. 23. 1865. p. 210. 
MCller, Dr. Alex. — Die Ziele u. Mittel einer gesundheitlicben n. wirthacbaftlichen 

Reinbaltung der Wohnungen. 1869. 
Ueber den ^egenwartigen Stand der Stadtereinigangs- n. Wasserv'-ersorgnngi- 

Frage zu Berlin. 1873. 
MCller, Dr. Alex. — Beitrage zur StadtereinigungBfrage. Aus '^Landwirthschftft- 

licbe Centralblatt." 1876. 8°. 54 pp. 
Die Auspriicbe der Landwirthscbaft auf die stadt ischen DungstofTe. 8^. 29 pp. 

Berlin, 18«0. 

Die Scbwommcanalisation vor den Berliner Stadtverordueten. Einebistorisch- 



critiscbe Studie. Separat-Abdruck aus den "Berliner Borsen Currier." 8°. 85 

pp. Berlin, 1881. 
MCllrr-SciiOr. — Darstellungdes in Stettin erfolgreich zur Anwendung gekommenen 

MUlier-Schiir'schen Systems zur Abfnhr uienscblicber Excremente, u. Kritikdw 

Caualisationssystems in Verbindung rait Watereloset^. Zusamniengestellt nach 

den Verbandlungen der polvtechnischen Gesellscliaft zu Stettin 8°. 35 pp. 

Stettin, 1865. 
Das MUller-Scbur'scbo Desinfectionssystem. Von Riiblmann. Aus '*Mitthei- 

lungen des GewerbevereiuH fiir Hannover." 1867. Heft 1. pp. 54-58. 
MtJNCHEN. — Znr Milncbner Canalisationsfrago. Vortrage gebalten iui **Acrztlichen 

BezirkHvereino Milnchen." Von Emmerich, Kerscbensteiner, Pettenkofer a. 

Rauke. 8°. 128 pp. Milncben, 1879. M. 1.50. 
Naturwissenschaftliche Verein von Carlsruhe. — Denkscbrift des znm 

Schutze gcgen Verderbniss des Bodens, der Brunnen u. Wobnungeu. 8^. 17 pp. 

Carlsrube, 1866. 
OciiWADT, A. — Die Canalisation mit Berleselung u. das Dr. Petri'sche Verfabien 

betrefi'eud die Desinfection u. Verwertbung der Facalstoffe. £ine kritische Be- 

leucbtuug der engliscben Kicselanlagen sowie derjenigen in Gennevillier8(Pans) 

u. Dauzig in Bezug auf ibre gemeinscpaftlichen Folgen fUr Gesundbeitu. National- 

Woblstand, unter specieller Berilcksicbtigung dor Berliner Verbiiltnisae. 8°. 

Berlin, 1877. M. 2.00. 

Paris. — Die neuen Abzugscanale in . Aus "Allgemeine Bauzeitnng." 1859. 

Passa VANT, Dr. G. — Zur Frage Uber die Beseitigung der Excremente aus den Sohalge- 

baudcn. 1870. 
Der verbesserte Erd -Abtritt. 8^. 16 pp. lUust. Frankfurt a. M., 1876. M. 

1.50. 
Petermann, C. — Die Anlage wasserdicbte Dungstatten u. Abtrittsgruben. 1871. If. 

0.50. 
Petri, Dr. F., andG, GXrtner. — Reiuigung der Stadte u. Fabrikanlagen, durcb Desin- 
fection. Mit 3 Tafeln. 8«. 32 pp. Berlin, 1877. M. 1.00. 
Pettenkofer, Dr. M. v. — Ueber die Canalisirung der Stadt Basel. 8^. 44 pp. Basel, 

1866. 

Das Canal oder Siel-System in Milncben. MUnchen, 1869. 

Worth der Gesundheit fUr eine Stadt. 8°. 63 pp. Braunschweig, 1873. 

Canalisation u. Abfuhr. 8^. 150 pp. Miineben, 1876. M. 4.00. 

See Class B. Frankfurt a. M. Class A. Mencken. 

Pfaff, Prof. Fr. — Ueber Brunnen und deren Verunreinigung durcb Cloaken. Mit 

Tafel. 8°. 24 pp. Erlangen, 1864. 
Piepkr, Carl. — Die Wasser-Sclileussen- u. Cloakcn-Frage. Als Referat einer freien 

Commission. 8^. 1869. M. 0.50. 



— Schwemmcanalo odor Abfuhr f Frajje u. Abstimniun^ vor der Versammlung 
deutscher Naturforscber u. Aerzte. Mit sachlichen Erlauterungcn. 8^. 9(5 pp. 
Dresden, 1869. M. 1.50. 

— Wie stehtdio Stiidtereinigungsfrage t 8°. C6 pp. Dresden, 1873. M. 1.50. 
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Die Mediciner u. Verwaltungsbeliorden in der Stadtereinigungsfrage. 8^. 



•-ftM pp. Drewlen, 1675. M. 4.50. 

Vorarbeiteu in 8achcn der Stadtereiuigiin^sfrago. 1875. 



PODEWILS, A. V. — Die Conservining u. Poodritirung der Abfallstoffe dorcb Ranch. 

i^. 24 pp. Cutbeu, 1879. 
Popper. — Die Eutfemung u. Verwendung menscblicber AbfUlle. Aus **0e8terreicb- 

ische Zeitscbrift fiir Heilkunde." 1806. No. 23. 
Rankk, Pn>f. H. — Zur Cloakeufrage. Ein Vortrag. Aus ** Arcbiv des Vereine ftir 

wifisenttcbaftlicbe Heilkuiido.^' Miiucbeii, 1865. p. 112. 

See, also, MCncuen. Class B. Liernuk. 

Retss. — ike Liernur. 

Ravmer, C. — Das Caualiaireu u. Draiuireu der Stadte. FUr Stadtverordueten u. 

BUrger. 1876. M. 0.75. 
ROder, a. — Berlins volkswirtbscbaftlicbe u. VerkebrRverbaltnisfie ausVeranlassuug 

des Canalisrnngsprojekts des Herm Wiebe. 8^. 15 pp. Berlin, 1863. 
RDhumaxn.— 5ee MDller-SchCr. 
6AirrTERy A., and E. Dobel. — Abfubr u. Verwertbung der Fukalstofie in Stuttgart. 

niust. 8^. 136 pp. Stuttgart, 1880. M. 3.60. 
ScBEiDiNO, Aug. — Feuer-Closet init Closetofen u. Abdampfapparat. Boitrag zur 

Frage der Stadtereinigung. 8^. 16 pp. Berlin, 1879. 
SCHUPF, J.— Die Canalisirungder Stiidte. 8^. 88 pp. Wttrzburg, 1867. 
SoMMARUGA, Dr. HuGo Freiherr v. — Die Stadtereinigungssysteme in ibrer land- a. 

volkswirthscbaftlicbeu Bedeutung. Halle, 1874. M. 3.00. 
SoTKA. Dr. J. — Kritik der gegen die Schwemmcaualisation erbobene Einwande. 8^. 

96 pp. MUncben, 1880. M. 2.00. 
Ifeber den Einfluss des Bodens auf die Zerzetzung organiscber Substanzen. 

Ans *' Zeitscbrift itir Biologie.'^ MUncben. 34 pp. 

Boden. Aus ** Real-Encyclopedie der gesammten Heilkunde." 46 pp. 



8TAMM, Dr. Aug. Tueo.— Ueber Fortscbafinng der Iinmundition aus den Stiidten. 

12^. 44 pp. Leipzig, 1864. 
Thox, Fr. — Gesundbeit u. Agricultur, oder die Losuug der Latrinenfrage ini gemein- 

scbaftlicben Intercsse von Stadt u. Land. 1869. 
Thorwirth, W. — Canalisimng, o<ler Abfubr fUr Entfcrnnng der stadtiscben Excre- 

inente u. Abgange in Berlin. 4^. 8 pp. Berlin, 1862. 
Ueber Canalisirung grosser Stadte in ibren Einflusse auf die gesundbeitlicben 

a. volkswirtbscbaftlicben Zustande der Bevolkerung, niit spezieller Beriicksich- 

tignng der Verbaltnisse Berlins. 8^. 46 pp. Berlin, 1863. 

Stiw" 



Die Cloaken u. der Diinger der grossen Stiidte, zugleicb eine Beleucbtnng der 
Frage der Canalisirung Berlins u. des vom Tborwirtb beabsicbtigteu Abfubrsys- 
tems. Sm. fol. 5 pp. Berlin. 
TliUDicuM, J. W. — Ueber die Grundlagen der offentlicben Gesundbeitspfleee in Stad- 
ten vom Standpunkte der Staatsarzneikunde. Aus '* Monatsbericbten des Frank- 
furter landwirtbscbaftlicben Vereins." No. 3. 1865. fP. pp. 9-40. 
Tiede, H. — Scbwenimcanalisation u. Berieselungssyst«m der pneumatlscbe Canalisa- 
tion u. Diingerfabriken. 1874. 
Trotvsm, H. — Canalisation oder Abfnbr T Eine andere Gtostaltung dieser Frage. 8^. 

Glogan, 1867. 
Varrentrapp, Dr. Geo. — Entwiisserung der Stiidte u. Werth oder Unwerth der 
Wasserclosette. 8^. 244 pu. Berlin, 1868. 

Das SebwemmHielsystem Fraukfurts. 8°. 34 pp. Frankfurt, 1876. 

• Offener Brief an Herm Dr. Erbardt betreft'end Dr. L. Winterbalter's Scbrifb 

MUncben, 1880. M. 0.50. 

^reier Vortrag. Hlust. 
Jabrgang. 1861. 
pp. 427-446. 

— Ueber die Canalisirung Londons. Freier Vortrac. Aus ** Verbandlungen der 
polytechniscben Gesellscuaft.'' 22. Jabrgang. 1861. pp. 446-463. 

— Canalisation u. Wasserleitung der Stadt Danzig. Vortrag. 8^. 35 pp. Ber- 
lin, 1877. 

See Class B. Breblau. 




ViERLlXG, Dr. G. — Zur Canalisations-Frage in Mainz. 8^. 47 pp. Mainz, 1879. 
Vincent, L. — Bewiisserung u. Entwiisserung der Wiesen n. Aecker. Hlust. 1876. 

M. 2.50. 
ViRCHOW, RUD. — Uel>er die Canalisation von Berlin. 8°. 58 pp. Berlin, 1868. M. 

1.2U. 
Canalisation oder Abfubr? Eine bygieniscbe Studie. 8^. 70 pp. Berlin, 

1869. 

See Class B. Berlin. 



VidSER, J. C. — Die Reinlicbkeit in den Stiidten oder die Abortfrage u. das Abfubr- 
weaen. Hlost. 1876. M. 2.00. 
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YOOT, Dr. A.— Ueber Stfidtereinigiing n. ein neues System ventilirter LatriDenfasser^ 

nebst einen neuen Ventilfttionshut. Mit TafelD. 1873. M. 2.00. 
YoiOTy F. W. — Die planmassige Entfemiing u. Unschadlichmachiuig der stSdtischei 

Abgange Berlin u. eine eingehende Belenchtung ttber das Unstattnafbe die Cloakeo 

darch Canale entferneu zn wollen, enthaltend. 8^. 16 pp. Berlin, 1862. 
BeweisfUhruue dass aus sanitatspolizeilichen Griinaen es UDstatthaft ist, 

Cloakeu darch Waterclosets a. Canale nach offentlichen Wasserlaofen abzoleiten. 

8°. 16 pp. Berlin, 1802. 
WiEBE, £. — Keiuigung u. Verwerthonff des Hanswassers. Von B. Latham. Eingel- 

eitet n. iiberseizt von £. Wiebe. Aus '^Zeitschrift fUr Banwesen,*' von Erbkan. 

Berlin, 1868. p. 291. 
Der gegenw&rtige Stand der Berieselongsfrage. Aus ** Zeitschrift ftlr Bu* 

wesen," von Erbkam. Berlin, 1870. p. 108. 

Gtenereller Entwnrf eines Canalisationssystems znr Reinignng u. Entwassertng 



der Stadt Ronigsberg. 8^. 64 pp. Mit Planen. Berlin, 1880, M. 8.00. 
See Class^B. Bkrlin^ Breslau, Danzig, Frankfurt. 



WiEN. — Ueber Retiraden, Pissoirs, Senkgruben n. Caniile in sanitatspolizeilickr 
Hinsicht, mit besonderer Rticksicht auf Wien. Von Dr. Innhauser. Aas *' Zeit- 
schrift flir Gesellschaft Wiener Aerzte." 1857. 13. Jahrgang. p. 379. 

VON Winter. — Wasserleitung, Canalisation u. Kieselfelder von Danzig. 12°. 14 pp. 
Mit Pliiuen. Danzig, 1876. M. 1.50. 
Printod anonymously. 

WiNTERHALTER, Dr. H. — Canalisation von Mttnchen. 8^. 38 pp. Mfinchen, 1880. 

WiTTEN. — Die Entwassenmg der Stadt Witten. Aus * * Vierteyahreaechrift ftlr offeut- 
liche Gesundheitspflego." 1874. p. 678. Und aas "Zeitschrift fUr Baawesen,'^ 
von Erbkum. 1873. p. 135. 

WolfhOgel, Dr. G. — Ueber die Vemnreinignng des Bodens dnroh Strassenkaniile, 
Abort- u. Dtingergraben. Aus " Zeitschrift der Biologie.'' Miinchen, 1875. Vol 
xi, p. 459-4«J. 

Zeufuss, G. — Die pneumatische Canalisation (Liemur) beleuchtet mit Rticksicht aaf 
Gesundheitspflege. Land- u. Yolks- Wirtsohaft. I. Abth. 8°. Frankfort a. M., 
1869. 

Class B. — Beports and official documents and communicaiione claaeified according to locali- 
tieSy and, in a few instaneee, according to suhfects or authors, 

Altona. — Bericht der technischen Commission des Altonaer Industrievereins Uber die 
Side. Aus *^ Altonaer Nachrichten.^' Beilage, No. 126. Mai 1867. 

Amsterdam.— /See Class A. Liernur. 

Basel. — Ueber die Canalisirung der Stadt , mit besonderer Rilcksicht auf das 

Bett des Birsig-Fl asses. Gutachten von Dr. Max v. Pettenkofer. 8°. 44 pp. 1866. 

Kathscblag u. Gesetzentwurf, betreffend die Canalisation der Stadt Basel. 1875. 

5eeCLAflsA. GOtteshbim. 

Behrend, Dr. Fr. J. — Die Canalisirung der Stadt Berlin in gesundheitlicher Bezie- 
hung. 8o. 62 pp. Berlin, 1866. 

Berlin.— Reinigunff und Entwasserung der Stadt . Von E. Wiebe. 8°, 322 

pp. Mit gross-folio Atlas. 182 pp. Berlin, 1861. 

Gutachtliche Aeusseruu^en von Roder u. Dr. Eichhom, ttber die Verwerthong 

der Duuffstoffe der Stadt Berlin fUr die Bodenknltur, mit Bezugnahme auf das 
Projekt des geheimen Baurathes Wiebe. Separatabdruck aus den ** Annfden der 
Landwirthscnaft.^' October u. November IS&i. 8°. 42 pp. 

lali 



Proposition von Weyhe, betrefiend die projektirte Canalisirung Berlins a. die 
Anwendung eines zwerkmiissigen Sytems zur Entfernung u. Nutzbarmachnng der 
Dun^Htoffe der Stadt im Interesse der Bondenkultur. Aus ''Annalen der Land- 
wirtuschafb.'^ 22. Jahrgang 1864. Supplement, pp. 274-314. 

Die Abfiihr u. Verwerthung der Dun^stoffe in verschiedenen deutschen a. aus- 



serdeutsohen Stadten u. das auf bezU^iohe Vorsohlage fUr . Bericht von 

K. v. Salviati, O. Roder u. Dr. H. Eichhom. Mit 4 Tafeln. gr. 8°. 114 pp. 
Berlin, 1865. 

— Die Canalisirund der Stadt in gesundheitlicher Beziehung. Von Dr. Fr. 

J. Behrend. 8*^. 62 pp. Berlin, 1866. 

Zur Canalisirungsfrage. Bericht an den Magistrat von Berlin, v. Julius Hen- 



nicke, v. 26. Mai 1866. 

— Reinigung und Entwasserung Berlins. Ueber die Canalisation vou . 

Gutachten, nebst einem Nachtrabe von Prof. R. Virchow. 8°. 1868. M. 1.20. 
Reinigund und Entwasserung Berlins. Einleitende Verhandlungen u. Ber- 



ichte. 8P. Hefti-xiii. 1871-79. Mit zahlreichen Abbilungen, Tabellen u. Planen. 
M. 68.40. 

— Reinigung u. Entwasserung Berlins. Generalbericht ttber die die Arbeiten der 
stiidtischen gemischtcn Deputation fur die Untersuchung der auf die Canalisa- 
tion u. Abfuur bezttglicheu Fragen, erstattet von R. Virchow. 8^. Mit Tafelu u. 
Tabellen. 1873. U. 5.00. 
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See Class A. Assmaxn, Berun, FtJRSTENHAUPT, Knauff, Koch, MCller, 

OCHWADT, ThOUWIRTH, VOIGT. 

B£RN. — See Cuiss A. Emhrrt. 

Braunschweig. — Bericht iiber die in Amsterdam, Abingdon, Berlin, Croyden, Leam- 
ington, Manchester n. Rochdale, eingefiihrten Systemc der Stadtereinigung. Von 
L. Mitgan. 8^. 58 pp. Braunschweig, 1880. M. 160. 

See Class A. Mitgau. 



Bbeslau. — Zwei Gutachten, betreffend die Roinignng u. Entwaasemng der Stadt . 

Von Wiebe, Veit-Meyer n. DUnkelberg. 1873. 
Gntachten bctrerfend die Frage emer Beseitignng der Abfaltstofie aus der 

Stadt . Von R. Linner. 1873. 

See Class A. Hofmann. 



CzERNOWiTZ. — Ueber die Be- n. Entwasserung der Stadt . Gutachten von Otto- 

kar Burghart an den Gemeindorath Wien. 4°. 83 pp. Wien, 1880. 

Danzig. — Betr. die Verbesserung der Gesnndbeitszustande in . Von Licht. 

fol. 76 pp. 1860. 

Die Reinigung u. Entwasserung der Stadt . Von E. Wiebe. OP, 175 

pp. With folio atlas. Berlin, 1865. M. 40.00. 
See Class A. Veit-Meyer, v. Winter. 



Dortmund. — Die Canalisation der Stadt . Gutachten von Michaelis u. Gor- 
don. 4°. 62 pp. Mit plan. Dortmund, 1878. 

England. — See Fegebeutel. Class A. England. 

Fegebeutel, A.— Die Caualwasser- (Sewage) Bewasserung oder die flilssige Diin- 
^ng der Felder im Gefolge der Canalisation der Stadte in England. Keiseber- 
icht. 8°. 113 pp. Mit Tafeln. 1870. M. 3.00. 

Frankfurt. — Ausschussbericht, die Anlage einos Canals auf der Eicbenheimer Land- 
strasse betrefiend. In den Mittheiluugeu aus den Protokollen der gesetzgeben- 
den Versammlung der Stadt . vol. 15. p. 148. 

Bericht u. Beschluss dariiber (November 3, 1854). /d., p. 169. 

Weitere Antriige u. Berichte. /d.. Vol. 16, p. 82, 207, and 216. 

Gutachten iiber ein Entwasseningssystem fUr die Stadt , erstattet 1863, 

von einer Commission von Sachverstandigen (Blondeu, Eichberg, Lindley, Var- 
rentrapp, u. Wiebe), nebst dem fUr diese Begutachtung vor dem Bau-Amte auf- 
gestellteu Programm. 8^. 30 pp. Mit Plan. Frankfurt, 1863. 

Bericht derdurch Senatsbeschlnss v. 3. Jan. 1865, niedergesetzten Senatsoom- 

mission zu den hochverehrlichen Beschliissen v. 17. Jan. 1865, betr. Canalanlagen 
n. Verarbeiten zur (^analisirung vom Frankfurt, vom 27. Jan. 1865. 8". 

F&ANKFURT. — Die Canalisations-! rage vor dem Magistral u. der Stadtverordneten- 
Versammluug in . Von F. Krepp. 8°. Darmstadt, 1868. 

Belenchtung des von Prof. M. v. Pett«nkofer iiber das Canalisationsprojekt zn 

a. M. den stiidtischen Behorden iiberreichten Gutachtens. 1871. 

Die Rieselfelder- Aula gen in Danzig, Berlin u. Paris. Reise-Bericht an die 



Stadtverordtneteu-Commission zu a. M. 4°. 28 pp. Frankfurt a. M., 1879. 

See Class A. Frankfurt, Lindley, Varrentrapp. 



Orossbritannien. — Der gegeuwlirtige Stand der Abfuhr n. Canalisations-Fragc io 
. Bericht von W. Lefeldt. 1872. 

GOTHA. — See Class A. Gotha. 

Hamburg. — Bericht iiber die Anlage eines neuen Sielsystems zur EntwSssemng der 

Stadt , im Auftrage der hochlobl. Rath- u. Btirgerdepntation entworfen 

Ton Wm. Lindley. 4°. 43 pp. Illust. Hamburg, 1843, Erlaiiterungenzuvorste- 
hendem Bericht. 4^. 69 pp. Illust. 1843. 

Ansmiindungen n. Verbindnngen der innerhalb der BrandstSdte ausgellihrten 

Bielaystems, welche ansserhalb derselben anzulegen sind. 24 pp. Mit Unteran- 
lage n. Zeichnnngen. Femcre Massregeln in Bezug auf den Plan der Verbesse- 
nmg des Hammerbrooks. 4^. 9 pp. Illust. 1844. 

I^lilnssbericht iiber die ausgefiifirten Sielanlagen zur Entwasserung der Stadt 

, nebst Entwurf eines Regulativs zur Beaufsichtig^ng n. Reinhaltung der- 
selben. Von Lindley. 4^. 59 pp. 1845. 

Anftraff auf ausserordentliche Bewilligung fUr Sielanlagen u. Verpflichtung 

Eiim Anscnluss furNeubauten, nebst Unteranlage. Bericht von W. Lindley. 4^. 
28 pp. 1854. 

See Class A. Meyer. 



Hannover. — See Class A. Hannover. 

Hxidelbbrg.— Sm Class A. Heidelberg, Lipowskt, Magnet. 

Hjulbronn. — Canalisation der Stadt . Bericht von S. Gordon in Frankfurt a. 

M. 8o. 51 pp. Hoilbronu, 1876. 
Innsbruck. — Comitdbericht Uber die Cloakenfrage in Von Dr. Ed. Hof- 

mann. 1670. 
Kiel. — ^Das Snmpfgebiet u. die Cloakeu der Vorstadt . An die herz. holstein- 

iache Landesregierung erstattetes Gutachten. Von Dr. J. Bockendahl. 8^. 

48 pp. Kiel, 1866. 
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K^NiosBERO.— iSe0 Clabs a. Wiebb. 

K/>LN. — ^j^ Class a. Gottgetrku. 

Leipzig. — See Class A. Leipzig. 

LiERNUR. — Bericht ttber die Anwendung dee Liernnrsche Systems in Prag. Von Dr. 

H. Kanke. 1870. 
Officiclle Bericht^ von Staats- u. Stadt-Behurden tiUer das Liernursohe Canali* 

sations-Systems. Yon Ad. Reoss. 1877. M. 1.80. 
Vortrag tiber Stadtereinignngssysteme, gehalten als Referent fUr obige Frage 

gelegentlich der XX. Wauderversamniluug bayerischer Landwirthe zn Bay- 

reuth. Von C. Th Lieruur. 1878. M. 80. 
London. — See Class A. London, Veit-Meyer. 
LUDWIGSHAFEN. — Berlcht Uber die Canalisation des Schleussengrabens der Stadt 

. Von J. Gordon. 4°. 34 pp. l^nkfnrt a. M., 1878. 

Mainz.— Ueber die Canalisation der Stadt , ihron dermaligen Zustand u. ihrcn 

^kiinftigen Ausban. Dem Gemeinderathe der Stadt , yorgelegte Denk- 

schrift. Von Hermann Lippold. 8°. 20 pp. Mainz, 1864. 

See Class A. Vierling. 

MCnchen. — Berichte der Commission flir Wasserversorgung, Canalisation u. Abfabr. 

Band I. — Verhandluugen n. Arbeiteu iu den Jahren 1874-5. Mit 15 PliineiL 

187r>. M. 15.00. 
Band II. — Die Canalisation der Stadt Milnchen. Entwnrf von J. Gordon. 



Mit 10 Planen. M. 15.00. 

— Band III. — Verhandlungen u. Arbeiten in den Jahren 1876 a. Anfang 1877. 
Mit 15 Planen. 

— Band IV. — Verhandlungen u. Arbeiten in dem Jahren 1877. Mit 6Bielagena. 
9 Planen. MUnchen. 1878. 

Band V. — Bericht iiber die Besichtigung der Canalisations- u. Berieselungs- 



Anlagen in Frankfurt a. M., Berlin, Breslaun. Danzig, sowieder Liornur-Anlag«n 
in Amsterdam, Dordrecht u. Leyden. Mit 13 Beilasen. 1879. M. 15.00. 

— Band VI.— Verhandlungen u. Arbeiten in den Janren 1878-79. Mit5Beilag^ 
u. 9 Planen. MUnchen, 1880. M. 20.00. 

— Die Canalisation der Stadt . Bericht von J. Gordon. 4°. Mit 10 



Planen. Miinchen, 1876. M. 15.00. 

See Class A. Margoraff, MCnchen, Materialien, Pettbnkofsr, Var 



rentrapp, Winterhalter. 
Paris. — See Class A. Paris. 
St. Petersburg. — See Class A. Erichsen. 
Prag. — See Class A. Liernur. 
Stettin.— 5ce Class A. Hobecht. 
Stuttgart. — ErlUuterungsbericht zu dem Dispositions-Plan Uber die Anlage von 

Sptilkanalen in . Von J. Gordon. 8^. 63 pp. Mit Plan. Stuttgart, 1874 

M. 4.00. 

See Class A. Lauber, Sautter. 

ViRCHOW, Prof. RuD. — Ueber die Canalisation von Berlin. Gutachlen der kgl. wis 

senschaftlichen Deputation fur das Medicinal wesen. 1868. M. 1.20. 
Reinigung u. EntwUsserung Berlins, Goneralbericht Uber die Arbeiten der 

stadtischen gemischten Deputation fUr die Untersuchung der auf die CanalisatioD 

u. Abfuhr beztiglicheu Fragen. Mit Tafeln u. Tabellen. 1873. M. 5.00. 
WiEN. — Bericht von dem Doct oren collegium der medicinischen Facultat niedergesetz- 

ten Comit<^ Uber pas Friedmann'sche Projekt, betreffend die Reinigung der Lnft 

der Unrathscaniile. Von Dr. C. Hallen. Separatabdruck ans der ** Zeitschrif^* 

fUr praktische Heilkunde." .8^. Wien, 1867. 

See Class A. Friedmann, Wien. 

ZCrich. — Ueber Anlage stiidtischer Abzugscaniile u. Behandlung der Abfallstoffe in 

Stiidten. Bericht an den Tit. Stadtrath ZUrich. Von A BUrkli-Ziegler. 8°. 263 

pp. Mit 6 Tafeln. ZUrich, 1866. Anhang: Canalisation der Stadt ZUrich. 36 

pp. Fr. 2. 
Bericht iiber den Besuch einer Anzahl Bcriesolungsanlagen in England u. Paris, 

nebst sachbeztUgilchen Vorchlagen fUr ZUrich. Von A. BUrkli-Ziegler a. A. Haf- 
ter. 8°. 48 pp. ZUrich, 1875. Fr. 3. 

III.— FRENCH LANGUAGE. 

Class A. — BookSy pamphlets^ proceedings^ and extracts ther^roniy and articles contained in 
serial puhlicationsj <f'c., classified according to authorSy and^ in a few instances^ accordiHg 
to subjects or places. 

[Note. — Fr. niguifies price in francs.] 

Agriculteurs de France. — Soci<5t6 des . See Class B. Paris. 

Alger. — £gouts d' Alger ^^ Anuales des pouts et chaus^es," Tome XIV. 
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Alphand. — See Class B. Paris. 

Barral, M. — IrrigatioUy engrais, liqnides et aixKSliorations fonci^res perxnanentes 

402 pp. (?) 
Beaudemouun. — AsHaiuiRsemcut do Parin. SolutioDs pour lea vidanges, lea cabinets, 

les ^goutu, etc. 8"^. Brooh. Paris, 1858 

Hygi^nepllbUqlle, assaiiiitwement en Londresct Paris. 8°. Broch. Paris, 1856. 

Bbaulieu, L. F. — Vidanges ct cngrais. iP, 44 pp. Paris, 1881. Fr. '2.40. 
Beaulieu, Le Hardy, de. — Project d'nn syst^me d'^gonts i>ourlavillede Bnizelles. 

8^. 23 pp. Braxolles, 1848. 
Bei^grhxd. — Les travaux souterraius dc Paris 

T. Etudes hydrologiques du bassin de la Seine, roy. 8°, et atlas. Fr. 40. 

ll. Les aqueducs remains, roy. 8^, et atlas. Fr. 30. 

III. — Les eaux anciennes de Paris, roy. 8*^, et atlas. Fr. 70. 

IV. Eaox, actnelles et <5gout8. 

Setf aUo, Class B. Paris. 

Ballaert. — 5^ Class B. Lille. 

Chateau. — Eanx d*<$Koats de Paris. 8^^. Broch. Paris, 1875. 

Callon.— ^^-c Class B. Paris. 

Cue VALUER. — Sar les urines, les movens de les recucillir et do les utiliser. " Annales 

d'hvgifene publique." 185*2. Tome 67, pp. 68-107. 
Essai Bor la possibility de recueillir les matierei) fdcales, les eaux vannes, les 

nrinesde Paris avec utility pour la salubrit*^ et avautage pour la ville et pour 

ragriculture. " Annales d'hy^iJine publique." 1860. Tome 14, pp. 97-129. 

— I>e r^tablissement des latnncs mobiles et do la jir^paration imm^iate d'un 



engrais avec les mati^res f^cales. *' Annales d'hygifeno publique." 1867. Tome 

27, p. 67. 
Daly, C^sar. — Sur Vassainissement de Paris. Extrait. " Revue gdndrale de Parchi- 

tecture et des trvaux publics." Vol. 14, Nos. 7 and 8. 4°. Broch. 1856. 
Darct. — Recherchesexp^rimentales relatives an movement des eaox dans les tnyaux. 

40. Avec 12 planches. 1857. Fr. 15.00. 
D£by, M. Jules. — Manuel dMrrigation. 81 pp. (t) 
Derate. — See Class B. Bruxelles. 
Durand-Claye, Alf. — Note sur les essais d'utilisation et d*^puration des eaox 

d'6gouts de Paris. Par Mille et Durand-Claye. Extrait, " Annales des pouts et 

ehanss^es." Paris, 1869. 
M^moiro sur Tassainissement de la ville de Bruxelles. ''Annales des ponts et 

chaoss^es." 1870. Part 2. M^moires. 4™« s^rie. Vol. 20, p. 49. 

Situation de la question des eaux d'6gouts en France et k T^tranger. 8^. 28 



pp. Paris, 1873. 

— Bitnation de la question des eaux d'^gouts en France et k F^tranger. OP, 15 

pp. Paris, 1874. 

Conferences faites k r£cole des ponts et chauss^s, sur rassainissement muni- 



cipal. Paris, 1875. 

— £tat de la question des eaux d'6gouts en France et k P^tranger. 8^. Broch. 
Nancy, 1877. 

Syst^me de Liemnr. Extrait de la ** Revue d'hygi^ne." Fdvrier, 1880. 8°. 



26 pp. Paris, 1880. 

— Communication sur Tassainissement des villes. Extrait des '' Annales indus- 
trielles." 8°. 28 pp. Paris, 1880. 

See, alaoj Class B, under Durand-Claye, Paris, and Rheims. 




Texte et atlas. 2 vols. 8^. Paris, 1870. Fr. 20. 
— Prinoipes de I'assainissement des villes dans les centres de population de TEu- 
rope occidentale. 8^. 428 pp. Paris, 1870. 
See Class B. Freycinct. 



Oaultier de Claubry. — Do la suppression do la voirie de Monfaucon comme conse- 
quence des proce<ies ])orfectionues de disinfection des fosses d'aisances. ' 'An- 



nales d'bygibnc publique." 1848. Vol. 40, pp. 305-333. 
— De Tapplication des ])roc6des de vidanges modords c< 



comme moyen do suppres- 
sion de la voirie de Bondy. **Annales d'hygi^ne publique." 1850. ' Vol. 43, pp. 
77-H2. 



Des nouvcanx perfectionnement« a 



pport^ klA vidange des fosses d'aisance et 
des r6Baltats qui on sont la consequence. ''Annales d'hygidne publique." 1851. 
Vol. 45, pp. U7-98. 

— Du systeme d'dgouts de TAngleterre et en particnlier do la ville de Loudreset 
(les modilications qu'il convient de lui faire sunir. "Annales d'hgi^uo publique." 
1853. Vol. 50, pp. 257-280. 
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GiBAUD, P. — Commodity portatiyes ou moyeus de supprimer lea foBses d'aisance el 
lean inconv6nieDt«. 

Gras. — Assainissement da littoral de la Corse et en g^n^ral des lieux insalabren sitn^s 
snr le bord de la mer. 12^. Paris, 1866. 

Grassi. — Sur la coDstructioD et snr rassainissement des latrines et fosses d'aisance. 
" Annales d'hygi^ne publique." 1859. Vol. 11, pp. 241-295. 

Horticulture de France. — Soci^t^ oentrale d' . See under Paris. Class B. 

HTQik^ra. — Publications de la Socidt^ fran^aise d' . 8te Class B. Paris. 

JOLY Ch. — :^purution des eanx d'^gonts. 8°. 7pp. 1877. 

Lavoinne, M. — AsHainissement de Memphis. Extrait des ^'Annalos indnstriellej)." 
27 mars, 1881. 80. 

Lbcadrr. — Utilisation des mati^res f6cales an profit de PasricnUnre dans lea grandes 
oitds conp6&8 de riTi^res et de cananx. "Annales d'nygi^ne pnblique.^ 1865. 
Vol. 23, pp. 297-309. 

Lborand. — Nouvean syst^me divisenr. De la construction des fosses d'aisance, do 
mode de separation des mati^res solides et liquides, de la conversion des mati^res 
fi^cales en engrais, etc., par les procM^s A. Cnevallieret A. Dugl^rd. 8^. Paris, 
1855. 

LsHMANN J. — Note sur I'assainissement des dgouts par le moven de yannes fixes ou 
mobiles et details de construction des vannes et t6tes a'^gout adoptdes par le 
service municipal de Paris. ^'Nonvelles aunales de la construction." Vol. 10. 
1870. 

LiERNUR.— -See Durand-Claye. 

LoNDRES. — Assainissement de la ville de . ''Annales des ponts et chauss^es.'' 

Vol. 14. 

Louth. — See Class B. Paris. 

Mangon, H. — Instructions pratiques sur le drainage. 8^. Illnst. Fr. 2.50. 

Maroot, M. — Notice sur la construction d'un ^sout coUecteur ^tabli en vue de la de- 
fense de la ville de Grenoble contre les inondations. *' Annales des ponts et ohaos- 
s^s." M^moires, 1868, 1« partie, 4™« s^rie. Vol. 15. p. 180. 

Mari6-Davy.— /See Class A. Montsouris, and Class B. Paris. 

MiERiX). — See Bruxelles in Class B. 

MiLLE. — Assainissement des villes en Angleterre et en £cosse. 4^. 1854. 

See Durand-Claye in Class A, and Paris and Mille in Class B. 

Montsouris. — Annuaire do Pobservatoire de . [Containing articles on sewage- 
irrigation by Mr. Mari6-Davy.] 12^. 518 pp. Paris, 1881. 

Van Overbeek de Meijer. — Les syst^mes d'^vacuation des eaux et imraondices d'une 
ville. Paris, 1880. 

Paulet, Max. — L'eu^rais bumain. Histoire des applications de ce produit k Pagri- 
culture, aux arts industriels, avoc description des pins anciens proc^Sdds de vi- 
danges et de nonvelles r^formes dans Tintdrftt de Tnygi^ne. fP, Paris, 1856. 

DE Pietra-Santa, Dr. P. — L'assainissement de Paris. La Seine, la presqu'ile de Gen- 
nevilliers, la Bi6vre. (R6sum6 des documents officiels pr^sentiSs an conseil muni- 
cipal de Paris.) 8P. 62 pp. Paris, 1876. 

PuTEAUX, M. LuciEN. — Do Veul^vement des boues, ordures, m^nag^res et r^dus 
du balayage dans Paris. ** Annales du gdnie civil." 2™« s^ie. Vol, 1. 1872. 
pp. 91. 

Remont. — 5fe Class B. Londres. 

RONNA, A. — Utilisation des eaux d'^gouts k Londres et k Paris. 12^. Broch. 1866. 

Assainissement des villes et des cours d'eau. £gouts et irrigations. 8^. 460 

pp. Paris, 1872 (or 4). 

Irrigation et 6puration chimiqne des eaux d'^gouts de la ville de Rheims. 8°. 



Brocb. Rheims, 1878. 

SCHLOESiNQ. — See Class B. Paris. Congr^ international. 

Schmidt, J. P. — Des moyens do recueillir et d'utiliser les engrais (|ui se perdent dans 
les grands centres ae population an detriment de la salubrity publique et de 
ragriculture. 8°. Li6ge, 1850. 

See Class B. Anvers. 

Syphon. — Le pr^ du pont de TAlma h Paris. * 'Nonvelles annales de la con- 
struction." 1869. p. 3. 

Vauthier.— iSec Class B. Paris. 

Versluys. — Essai sur la construction des dgouts sous les rapports de Tutilit^ et de la 
salubrity publique. e*^. Broch. Paris, 1850. 

Vincent, Ernest. — ^Recherches historiques sur la construction des fosses d'aisance et 
de Fntilisation des mati^res. 1847. 

Ward, F. O. — Discours (syst^me tubiilairc d'^gouts et distribution d'eau) prononc^ 

par k la s^nce d'ouvcrture du Cougr^s international de bienfaisance de 

Bruxelles. 8°. 31 pp. 1856. 
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Class B. — Reports and official documents and communications classified according to local- 
ities j andf in a few instances, according to subjects or authors. 

Anoleterre. — See Mille in Class B and Freycinbt in Class A. 

AxvERS. — Rapport sur Pexploitation des engrais de ville & Ad vera. Par. J . P. Sobmidt. 
8^ Bruxelles, 1851. 

Bruxelles. — Province de Brabant. AsBainissement de la Senne. Raport de la com- 
mission nomm^ en suite de la decision du conseil provincial en date 1861. 8^. 414 
pp. Bruxelles, 1863. 

Rapport de MAI. Debi^fre et Leroy k M. le gonverneur du Brabant sur I'utili- 

satlon des mati^res f^cales solides et liquides an moyen de la cbaux animalism, 
sm. fol. 24 pp. lllust. Bruxelles, 1863. 

Ville de. Assainissement de la Senne et embellissement de ses environs. Rap- 



ports pr^seut^ en 1865 au nom du college par le bourgmestre en stance du conseil 
conmiunal. 8^. 183 pp. 1865. 

Assainissement de la Senne. Utilisation des eanxd'^gonts de Pagglom^ration 



Bruxelloise. Usine de Haeren : irrigation des plateaux sablonneux de Loo et de 
Penthy. Projets et notes par L^n Derate et par Cb. Van Mierlo. 8^. 115 pp. 
Broxelles, 1875. 

'^Annales d'by^i^ne publique.'' Bruxelles, 1877 (f) [Contains a report on 



tbe sewerage of various cities for tbe puapose of bettering tbe sewerage of Brussels. 
President of Conmiittee wbo made tbe report is Mr. Mans; tbe secretary is Mr. 
Cbas. VanMierlo.l 

See in Class A. Bbauue, Durand-Clate, Ward. 



Durakd-Claye.^S^ Paris and Rheims in Class B, and Durand-Clate^ in Class A. 
Freycinbt, Cb. de. — Rapport sur Passainlssement industriel et municipal dans la 
Belgique et la Prusse-Rb^nane. 8^. Brocb. Paris, 1865. 

Rapport sur Femploi des eaux d'^gout de Londres. 8°. 88 pp. Aveo 3 plans. 

Paris, 1867. 
Genxevilliers.— 5f6 Paris. 
Grenoble.— See Class A. Margot. 
LiERNUR.— iSee Durand-Claye in Class A. 
Lille. — M^moire sur T^tat bygi^nique de la ville de , au point de vne de Tas- 

sainissement des rues, canaux, 6gouts et de Tapprovisionnement des eaux publiqnes 

et privies. Par MM. Bollaert et Gosselet. 8^. 67 pp. 
Londres. — Rapport, &o., contenant les renseignements reoueillis k Londres sur les 

travaux d'assainissement et d'utilit^ pnblique de cette capitale. Par J. E. Re- 

mont. 8^. 198pp. lllust. Li^ge, 1840. (8ervicedeseaiix,6gouts, latrines, etc.) 

See Class A. Beaudemoulin, Gaultieb, Londres, Ronna. 

See Class B, FreVcinbt and Mills. 

Mille, A. — Rapport sur le mode d'assainissement des villes en Angleterre et en 

ficosse. 40. Brocb. Paris, 1854. 
Rapport k M. le Sen. pr^fet de la Seine sur le drainage de Londres et Uutilisa- 

tion dies eaux d'^gouts en Angleterre. gr. 4°. Avec pums. 34 pp. Paris, 1866. 

Paris : 

a. Conseil municipal de Paris. 

Rapport par M. Vautbier sur le projet d'^tabUseement d'un nonveau r^seaa de 

conduits pour I'utilisation des eaux des ^gouts de Paris entre le pout de 

Clicby et la forfit de Saint-Germain. 4°. 23 pp. 1875. 
Rapports ot documents sur Putilisation des eaux d'egouts de Paris. Par Vautbier, 

Callou et Lautb. 1871-77. 
VoiRiE DE BoNDY. Documents, Rapports. Par Vautbier, Lautb, Desloucber, etc. 

Paris, 1871-77. 

fl. Direction o^in^rale des eaux et des £gouts de paris. 

Belorand. Statistique des ^gouts do Paris, de 1800 k 1861. fol. Paris, 1862. 

R6)uni<S des instructions donn^es dans le service des eaux et des 6gouts. 

fol. :^ pp. Paris, 1H62. 

Porte-fcuillo dcM eaux et ^goutsde Paris. Fol. 1864. 

Plan'gdu6ral des dgouts de la ville de Paris, fol. 1867. 



Mille and A. Durand-Claye. Compte-rendu des travaux et des r^sultats. 

Rapports des ing^nicurs. fol. 85 pp. Aveo un atlas de 7 plancbes. Paris, 

1809. 
Belgrand. Transformation de la vidango et suppression de la voirie do Bondy. 

Irrigations avec les eaux d'<Sgout. M^moire. gr. 4°. 50 pp. Paris, 1870. 
Recneil de r^gleuients sur Tassainissemcnt, avec supplement. 2 vols. 8^. 

Paris, 1872. 
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Belorand, MiLLEy and Durand-Clate. Rapport snr lo projet de derivation des 
eanx d^^gont depuis rembonchnre dncollectenr-g6n6raId'A8nii^re8 jusqa^^l'ex- 
tr^mite uord-oaest de la fordt de Saint-Oermain. 4^. 13 pp. Pans, 1U76. 

Alphakd. Note da directeur des travaax de Paris sur la situation du senice 
des oaux et 6goats et snr les mesures k proposer an conseil municipal. 4^. 
S64 pp. Avec des plans. Paris, 1679. 

Paris : 

y. Prefecture de la seine. 

AssAiNissEMENT DE PARIS. Transformation de la vidange et suppression de la 
voirie de Bondy. Acb^vement des 6gouts et emploi de leurs eaux, etc. 8-. 
Broch. Paris, 1871. 

AssAiyissEMENT DE LA Seine. — Rapport de la commission charg^e de propo^r 
les masures ik prendre pour rem^dier k Tinfection de la Seine aux aboros de 
Paris. Par Duraud-Ctaye. 4^. Brocb. Ayeo 2 plans. Paris, 1875. 

£puration et utilisation des eaux d'6gout. roy. 8°. 4 vols. Paris. Fr. 

26.00. 

Vol. I — Enqudte. 238 pp. Avec 3 plancbes. 1876. 

Vol. II — Annexes. 159 pp. Avec 5 plancbes. 1876. 

Vol. Ill — Documents administratifs. 190 j^. Avec 7 plancbes. 1876. 
Vol. IV. — Documents anglais. 340 pp. 1877. 

Des r^ultats de Tirrigation de la plaine de Gtonnevilliers par les eanx 



d'^gout de la ville de Paris. Iltude par ies docteurs Danet, Bastin et Garraige- 
D^r^nes. 4°. 34 pp. Avec 2 plancbes. Paris, 1876. 

fipuration et utilisation des eanx d'6gout. Avant-projet d'un canal d'irri- 



ffation k Taide des eaux d'^gout de Paris entre Clioby et la partie nord-est de 
la fordt de St. -Germain. Enqudte. Rapports des ing^nieurs de la viUe de 
Paris. 8°. Brocb. Paris, 1876. 

£puration et utilisation des aux d'^gout. Commission d'^tudes. Rapport 



sur les proc^^s do culture borticole ii r aide des oaux d'^gout. 8^. 32 pp. 
Paris, 1878. 

£puration et utilisation des eaux d'^gout. Commission d*6tnde8. Rap- 



port Bur r influence exerc^ dans la presqu'Ue de Gennevilliers par T irrigation 
en eaux d'^gont. 8^. 34 pp. Avec des plans. Paris, 1878. 

Rapport sur Tanalyse cbiuiique de Pair et des eaux et analyse microecopiqne 

de Fair et des eaux. Par M. Marie Davy. 4^. 56 pp. Paris, 1880. 

Rdponse k Particle public dans la Revue des Deux MondesparM. Anbery- 

Vitet, siir la question des ^gouts de Paris. Par Durand-Claye. fol. 31 pp. 
Paris, 1880. 

Paris: 
6, Publication des soci^t^s diverses. 

Soci^Ti^ DES Agriculture de France. Utilisation agricole des eaux d'^gout 

de Paris. 8^. 19 pp. Paris, 1876.. 
Commission mixte de Pam6nagement des eaux. Rapport par Durand-Claye. 

8^. 14 pp. Paris, 1879. 
Soci^T^ Imperials et Cbntrale d'Horticulture de France. Utilisation 

des eaux d'6gonts de la ville de Paris. Rapports. 8^. 24 pp. Paris, 1870. 

Rapports. 8°. 37 pp. Paris, 1876. 

Publication de la Soci^te Francaise lyHTGiiiNE. L'assainissement de Paris. 
Le ddversement des eaux d'dgout dans la for£t de Saint-Germain. Par Mari^Davv. 

8^. 8 pp. Paris, 1879. 
Hlpuration des eaux d'^gout par le sol de Gennevilliers. Par H. Mari<^Da w. 

8°. 12 pp. Paris, 1880. 

^Duration ot utilisation des eanx dYgont de la ville de Paris. Extraitsdu 



Bulletin de la Socidt<^. 80o. 107 pp. Paris, 1880. 
CoNORfes International des cours D'HYOiiSNE de Paris, 1878. De Palt^ration 
des cours d'eau. Rapports par Scblcesing, Durand-Clayeet Proust. 8°. 92 pp. 
Paris, 1878. 
Paris. — SeCy alaoy Class A. Beaudkmouun, Belgrand, Chateau, Daly, Durand- 
Claye, Lehman, Millk, Piktra-Santa, Puteau, Syphon, Ronna. 

Rheims. — Kapport sur les eaux d^6gont de , et bur les essais d'ntilisation agricole 

et d*6puratiou cbimique de ces oaux. Par Durand-Claye. 8*^. Brocb. Paris, 
1873. 
Ranport do la commission charg^e de donner son avis sur un nouveau procdd^ 

Sour r^pnration des oaux d'dgoutde la ville do . Par Durand-Claye. 8^. 
roch. Khoims, 1877. 
■ See, alaOf Konna in Class A. 
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IV.— OTHER LANGUAGES. 

Castsl-Braxco, J. £. de S. da C. — Relatorio ikerca doe systemas modemos de 
Canalisa^ao. imp. 8^. 400 pp. With atlas. Lisbon, 1880. 

LiiERXUR.— Het StadtsreinieiDgsstelsel van . F. de Bas. 1870. 

IiiXDLEY, W. — Project for the sewerage of Warsaw. (In Polish.) fol. 2 vote. With 
numerous plates. 1879. 



APPENDIX 5. 
THE RELATION OF SOILS TO HEALTH. 

A PRBLIMINARY REPORT TO THE NATIONAL BOARD OF HEALTH. 

FILTERING CAPACITY OP SOILS. 

By Raphakl Pumpklly, assisted by Georgk A. Smyth, Ph. D. 

Newport, R. I., Marok 28, 1881. 

Mt Dear Sir : About a year a&o I had the honor of addressing a letter to yon re- 
ij^aesting the aid of the National Board of Health in carrying on a series of investiga- 
tions into the relations of different soils to the air and water currents passing throngh 
them. My object was to aid in establishing upon an exact basis the practically 
unportantdepartment of sanitary seology. 

The immediate subjects to be studied in soils of different compositions and structure 
were: 

1. The rates of flow of water and of air under given conditions. 

2. The capacities of soils as filters in elimicatiug organic and inorganic substances 
from liquids. 

3. Their capacities as filters in elirainatiuff the livins low forms of vegetable life, 
both germs and adult organisms, from ^ound-water and ground-air. 

The National Board of Health very liberally enabled me to undertake this work by 
agreeing to pay the salary of a chemical assistant and the necessary expenses. 

I was fortunate in being able to associate with myself Prof. George A. Smyth, to 
whose skillfol and delicate mauipulatiou the successful issae of our joint work is 
largely due. 

It is proper that I should state here that although the methods of attacking the 
above-mentioned problems, and the invention of the api>aratas were the result of 
freqaent consultations between us, the actual laboratory work has been wholly per- 
formed by Prof. Smyth. 

Although it was my intention that the proposed investigations should be conducted 
as far as possible in the ground itself, upon undisturbed soils, it was necessary to first 
study in the laboratory the behavior, in their pure state, of the separate constituents 
of soils, quartz, sand, clay, loam, marl, loess, &c. 
Yours, respectlully, 

RAPHAEL PUMPELLY. 

To the President National Board of Healthy 

JVashingtonf D. C 

general RESULTS. 

Thus far the work has been confined to the soils and some other substances as fil- 
ters in eliminating living low vegetal organisms ft-om air and fluids, and in this direc- 
tion we have only made a beginning. 

The great practical importance of this part of the subject led to its being consid- 
ered firat. The weight of authority among students in sanitary science is in favor o- 
reco^izing some genetic relation between the lower vegetal organisms and the epif 
demic prevalence of certain diseases. It is known that these low forms of life are 
capable of being carritnl in fluids and of floating in the air where, owing to their 
almost infinitesimal lightness, they are buoyed up by the slightest currents. 

It has lotij^ been known that certain soils' in time lose their ability to filter out the 
impurities m)m polluted waters. Many cases of disease aw supposed to have been 
traced directly to the use of water containing sewage that had passed for a greater 
or less distance through the soil. 
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Again, it ii an ost&bliahed &ct that the air with which the soilg are permuM 
above the Rurface of the gTonnd-water vibratM to every barometrio change in te 
onter nlmoni^ere ; that it moves in cnrrents caused by this sympathy and by thw- 
moiiietric dinferences. And Pottenkofer and others have called attention to the tm> 
portaacD of these curreuta of ground-air from a sanitary point of view. 

When we consider that every vault, cesspool, and cemetery is a center of pollntin 
to the ground-wator which supplies our wells, iind, to acertainextent, also the rB^B^ 
voir* for cities, wo can appreciate the importance of ascertaininc to what extent 
■oils are capable of eliminating the iDJurionsiiropcniBscontributefTby the poUntin. 

Through the cellars our houses become, es^cciallf in winter, the Tenti)atiii| 
chimneys for the surrounding gronnd; sucking mfrom nil directions theair thathM 
bc'eu nearly stagnant in the pores of the soil during the summer. In view of tbeftct 
that (he ground-air is pol1at«(l by vaults, cesspools, aud cemeteries in the country, 
knd by the garbage of made ground luid defective drains aud sewers in the cities, it 
is important that wo should determine the extent to which different soils are ablets 
Alter the injarious properties out of the air passing through them. 

In working toward the solution of these problems, oar apparatna has oonsistodM- 
aeutially of two parts: 

1. The subHtance to be tested as a Alter. 

2. An iufiisiou of beef, or some other easily pntresciblo substance. 




no.!. 



In the simplest form thisconsistoof a tube with a neck (a), ou which reat«a copper 
gan^e (bt HUiitiortinK the subslunce to be iFSted (c) ; the lower cud of the tube oon- 
tuins the iiifosinn (d). Tlie wliole apparatus is heated anffieienlly to insure the de- 
struction of any gennaoradnll bacteria. Similar iufiisiouH exposed in open capsules 
nnprotecteil to the air iuvariablj^ showed signs of putrefaction within forty-eight 
hours. Such oi{iosures accompanied all of our experiments as control testa. 

The esporimeuta conducted thualiu £aU readily into four oUases. 
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T rtLTSSS roR AIR.— The aterUIied Influioii wh pratocted from Uw germs 
fkotioD that float in the idi, only by the column (1 mIlliniBt«rto 17 oentimeten 

the Hnbatanoe to be teated. 

I Heriea there were nearly ninety filter* tried of sabestnH, aand, loeM, charcoal, 
iharcoal, and coal ashes. After standing thtee to eight months, omitting 
ective and one donbtful case, the infnslons used am all sonnd, eiDeptinff 
lie filter was coarse sand (10°-20°, i. »., 10 to SO Kroins to an inch), or animd 
1 that Tould jnst pass through a eieve of IB meshes to the inch, 
rr riLTERS ros air.— These differed from the flnt only in having the filter* 
d with sterilized water. The suna materiklt, eioept coal oshea, were used, 
le diy filters, and, disregarding 
btfal and five defective cases, 
1 proved perfect proteetoni to 
don iMtneath them, except two 
fooarte animal cliareoal (15'^), 
I of looAely-pactced osbestus, 
uled to protect the infusions, 

owing to absorption of the ^-^ , 4 
Dd conversion into dry filters, r,'.-;^; 

QUANTITATIVB KXPBIlIMETfTS 'A-',^^ 
WITH DRT riLTRRSOV BAND, t ^ . 'v^ 
FS, AXD ANIMAL Am) VSOKTA- iC. i-,(\ 

JiCOAL.— Fig. S shows the ap- S; ^i^J 
employed. Si'?-'*' 

ese experiments an artificial 

was prodoced, the aii being 
Dy an aspirator connected at / j^- 
;. 2) throngh the fitter (e) and t';' 

infusion (d). g-' 

I set of these experiment* the |?,' 
passed throngh in a slow cur- 
toU liters in ^ hours. These 
ents were started at different 
'tween June lUand OctoberSO, 
Jected to continuous currenta. 
er, loosely-packed aabestos, 6 
ters high, has failed after paaa- 
liters of air. It, will be eeen 
stables that the others are atill 
ebruary 10) after passing 180 

other set the Biters were anb- 
t intervals during five mouths 
1 currents, beginning at the 
1 liter in 4 to T^ hours and iu- 
rtoltiterinUminiites. Theae 
Fig. 3) consisted of colnmna o 
itlmeters high, of sand, 30° to 
!., screened through 30 to 50 

Kr iaoh. 
r>. 

tos packed rather tightly, 
M filters have stood this ex- 
trying teat, the infasioDs remaining intact. 

I expenmente go to show that as long aa the graiusai . _._ 

Iter perfectly all organisms from the air passing through them. 

IXPRRIMBim IN FILTERINa BACTRRIA AMD 1BRIR ORBKS TROM LIQDIDfl. — 

I experiments there were tried (see Fig, 1) time aetaof flltrattona, theliqnlda 
sapectirely : 
Mil iDfusioua. 
brid iuAuiona. 

) ftrst aet the filters employed were aand, oharooal, wad animal ohanoal, the 
r eaeh being 100°, and aabeatoa in colnmna of 16 oentimeters. All fUlsd to 
it tlie germs except two filters ont of twelve of asbestus and the flnaet anim^ 
I; the remaiuiDs aabestns and coarser animal oharooal 15°, and vegetable 
1 in all gradea nlling eqaally with the sand. 
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In this Mt ooly Ughtlf pMk«d ■sbeatiu atimd the teat; in ftll tlw otben tha^ 
ftuloi] paased thronch turbid. 

But it will be noticed that In the preTionB wet the finest ^nim^ l chasooti Bltanl 



perfectly an inftulon that became putrid during the pioeeM. 




e oolnmna 16 ecotl- 






In the third set (flltratlon of vater) the HubatuiMa tested k 
meters high ot: 

ABbestus, tlghtl; packed. 

Charcoal, 2^ to 50°, and others of 100°. 

Animal cnareoal, IS'-, and others 100°. 

Loess from near Council Blofia, Iowa (taken 40 fbet below tlie snriaoe). 

Kaolin. 

One part kaolin, three parts sand. 

One kaolin, one sand. 

Coal aflhes, 10° to 100°. 

Sand 25° to 30°, 30° to 50°, and 100°. 

The ciporimentB n-ere conducted so that only a drop or two of water should leuh 
the infusion at Urst ; mnro water being passed after interyals of seTerol days, whcoe 
the infiision remained uninfected. 

Of these the tightly pocked asbestos stood repeated filtratloDS daring lOdayi^aftV 
-which the infusion pnfrefied. 

Of tbo finest animal charcoal filters one out of four filtered ont the gerrae. 

The other three stood repeated filterings during 17 to SO days, after which the in- 
fusion became infected. 

Tbo coal ashes were subjected to repeated flltrations dniing 10 to 19 days, atts' 
which the infusions putrefied. 

Tbo infusions under the loess filters broke down after from 6 to 8 days. 

Those under the kaolin and the mixtures of kaolin and sand all broke down after 
from 1 to 8 days (althonj^b only a few drops bad passed in each case), excepting ooe 
out of six of pure kaolin, which kept for 19 days, and one ont of biz of kaolin and 
sand, in uqual parts, which kept 20 days. In all others, the first drop that paMsd 
through infected the Infusion. And it is probable that in the repeated filtratioiM, 
except in the one cose of the finest animal chaieoal, there was either a (UfTerentlal 
filtration, or that only •» few genus anooeeded In pusing tliat a maoh longer Hm 
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Huoi juxul WM required for the inftiBioii to aasame the opaleeoenoe that betraya in^ 
ftetion. 

We now made a bold Jump from oolnmnB of 15 oentlmeters to oolmims of 82 and 
100 feet. 

Of theee we have thus far tried onlv sand of mixed grain 16^ to 100^. 

To obtain sterilised columns of sncn a length the sand was intensely heated and 
ponred into lead pipe o (Fig. 4), which was then coiled. It was then placed in a ftir- 
nace and heated to between 250^ and 300^ C, and then the lower end attached to the 
flask containing the infusion d, and Tentilated through a tube protected by sterilised 
asbestus, e. 

The whole was then allowed to rest several weeks to be sure that the infhsion had 
been properly sterilized. The pipe was then very slowly filled with tap-water. The 
Jlr$t water ikat ptused thrwigh each ofiheflSt and 100 foot cawsMw oarried i^fectioii with it. 

Although our experiments have thus faa been more of a tentative character, and 
preliminary to quantitative work, they permit ns to draw a fbw sharply-defined con- 
dnsions: 

I. All the snbstanoes operated on are excellent filters in eliminating germs from 
htfected air passed through 
them, except when they are 
of a coarse ji^rain 10^ to 20^, 
when the interstitial cavi- 
ties become probably much 
less labvrintnine. And all 
theee filters withstood the 
test of currents having 
many thousand times the 
maximum velocity attained 
in the soiL 

II. All natural substances 
tried thus far, except the 
finest animal charcoal, and 
perhaps tishtly-packed aa- 
oestus, failed to eliminate 
wholly the germs from 
liquids. 

in the only natnral soils 
tried, the sand, loess, and 
kaolin, we find in the sand 
an absolute absence of fil- 
tering power as regards 
germs in water, which 
would probably be as evi- 
dent in colnnms of 10,000 
liwt as of 100 feet. In the 
loess, and in the much more 
compact kaoline on the 
other hand, there is evi- 
dence of a greater filtering 
power. In these cases it is 
not nnlikely that we shall 
find that somewhat longer 
columns will eliminate the 
germs from the first water 
passinff throngh ; and that 
with tnem the filtering ca- 
pacity is merely a question 
of the relation of length of 
eolnmn to amount of water. 

At this point in our work, 
it seems as though the filter- 
ing capacity were wholly 
dependent on the size and 
intricacy of the insterstitial 




FIff. 8. 



cavities; and that in dry-air filteis there is a eritioal limiting point beyond which 
there is no filtering. 

And the same remarks seem to be true in different degrees with regard to the filtra- 
tion of Uqnids. Here far g^ter fineness and compactness of grain and intricacy of 
passage are needed than are requisite for air filtration. While sand of 20^ is an ex- 
oeUent air filter, sand of 100^ in long oolumns is worthless to water, and the eritioal 
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Umltlng point balowirUoli •oUibwin toflxanlMuiffilterliigaotfanpiolMblfntgM 
on the size of grain in an Impalpable powder. 

Dvm 1A«M raniJIi it apptar* vttf elaarfy Iksf «Md MwwMt 
IwHi md Ikt NwlMioI li^eotuni from ttmt-pooU, coMtariw, ^ 




»aint, A 



taium, \n ikt IWBtr Wtt rtratwm of lamd. And tt oj 

'"y a axY VKRT co\KBK 8KSD in-lerpowea no bt ._ .... 

n ihem of lihfe orgamiiriu \chit3ntDmrmin t^ gnmnd-^ antaii UaMt^ otm poolt, U^ 
iif, *c., or in tA« jUf ky mode-oroniul a/ ofliw. 

. Lnd iroin tbo reaulta obtained from the two aeriea of experimeota, vis, tn fi 
air and in filtering water, we can now draw one very important practioal or~ 

which cannot be t«o strongly emphaaized : That a Aoum way be feailt 911 a t ,. 

dry hodifoftimdOT gr<iml,anait*oellaTvtaTibefarahoBe the frrnl r/fUnjrnBarf iMfrrrtJ 
Umm, and it ntay yttbetn dAngtr of hiwing th» air of iU nioau aantawiiaaiwl ty lli$fmm 
from leackinf onapool* axi vault* ; for, ^f the drift of tho Uaehing ie towari tk* M<lar, Nff 

KtitOMOMvtaii ettoKi the pollKled moUture to U« etUarwalU, wtaiat, ^n^r ""* 

theoermt will jiow into the tttmo»pktrio oiroalaKait of the houai. 
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PMUge ; the inflneuM upon the gemu of length of time occapied in teaiuit ; of tern- 
■pecBtan and preMnre, and of presence or absence of noniiahment in the liqnid. And 
_ all of our experimenU will be extended to the different Mils and to some poroui 
rocks. We are also abODt to determine the presenoe or absence of germs at taiIous 
depths in different soils. 

The important qaeation now in controTeny recarding the abili^ of genns of bao- 
teria or other partionlate matter to disentangle themse^es from a liqnjd and become 
■ospended in the atmosphere, has an impoiunt bearing upon the mlatiea between 
gMond-water and groand-air. 

For this reason we have carried ou several series of exjKiTiments in this connection. 

Heferring to a foil description ef the methods and apparatus for details, I will give 
here only a general ontline, with the resolts. 

I. In the nret series (see Fig. 5) wator, sewage, and pntrefled snbetances (/) were 
■Dspended in flasks over a steiUized beef inftaslon (d) in a room where the temperature 
nnsed between 20° and 35° C. At the end of 80 days the infnsions were intact. 

Alter the furnace fire was started in the antnmn, the heat from the register which 
was I>eiow the flasks seems to have caosed the transmission of the Infecwn Erom the 
irater and putrid infusions to the Int^iou in time out of Ave flasks, while the re- 
maining two are still intact after five and six months, respectively, althoogh repeat- 
edly exposed to temperattires of 37° to nearly 42° C. 

II. In another series (see Fig. 6) of three flasks, during more than a 
filtered throngh asbestns 

ffi\ was aspirated from 
mediately above the 
enrface of the infected 
fiuid (f) and mode to 
pass through the infn- 
•ion (d) at the rate of 31 
liters ^r day. In all 
three ^sks, otter nearly 
elx months, the infosion 
le still intact. 

III. A third series was 
Instituted to determine 

possibility, tng- 

1 by Colonel War- 
mg. of germs becoming 
U^rated&om the liqnid 
by the bnrstlng of bnb- 
blef * 



ft mouth, air 




air. 

For this purpose air 
was drawn by extremely 
gentle aspiration (Fig. 
7) througa the sewage 
f/),theliubble«br6oltiDg 
in tbe atmosphere above, 
whence the sir was aspi- 
rated so OS to pass 
through the infOsion (d). 

Although the forma- 
tion of the bubbles was 
gentler than In mnch 
natural fermentation 
(only two-third liters in j 
some coses perday being % 
aspLrated), the infusion ^^ 
in all tbree flasks be- 
ca.ue infected within a 
few days. S^"- T. 

These results are positive as for as they go. and show that particulate matter, how- 

_^ » ^i r. .... ..,.,■.,. ifl into the atmosphere nnder 

a the other hand, the bnrst- 



e with regard to higher temperatures ; needing to be repeated i 



isKof even the gen 
■oBloiently positive 
breeding bwces at : 

Experiments are also needed as to the effects of growths of mold on the surface in 
ftirming a tntneiriooal condition from which a transfer might be effected ; also as to 
the inAienoe of the evaporation to dryness of infected moiBtue raised by oaplUarr 



g of even the geatlest bubbles can effect such a transftir. They are not, however, 

itly posinve with regard to hig"--- ' ' j.__... ».. ..i i^ 

g ixnces at regulated temperatni 
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We are indebted to Dr. Sternberg, U. S. A., and to Dr. W. S. Bigelow, ibr impot- 
tftnt ftid in miorosoopio examination. 

DETAILS OF THS WORK, WITH TABLES. 

In studying the deiK>rtment of soils and of artificial filters, with reference to fbe 
transmiaeions of germinal forms of matter, two general series of experiments suggeil 
themselves : 

1. On their aoHon aafiltenfar air or gasef generdUjf, 

2. (M their aotitm 08 filtera fir water and o^er Uquidi. 

FIRST SSRIBS OF SXPKRDCBNTS-^AIR-FILTRA'nOire. 

We have in this series two problems to solve : 

1. Whether ihe filters employed vfill protect the if^fneiane when the veeaeU oontainhig Hen 
eimplg $tand exposed to the air, when the alr-oorreots consequently are very feeble, b^ 
ine induced by slight fluctuations of temperature, pressure, &c., of the atmosphere. 

As the filtermg capacities of the materials employed are anected both by the length 
and the porousness of the filtering column, the experiments should be tried with fil- 
ters of var3ring thickness, and of different deffrees of compactness, in the ease of fibrou 
filters as asbestus, or of different degrees of fineness, in granular filters as ohaieosl, 
sand, &.C. 

2. Whether the filters will protect the infusions when air is forced through them. 

Here we have to determine how great a volume of air can be conducted throng 
filters of a certain length and of varying degrees of compactness or of fineness Id i 
slow and uniform stieam, and again how rapidly a given volume of air can be fil« 
tered. 

Furthermore, as the experimeuts have a practical bearing, they should be tried 
under all the natural conditions of the soils as regards moisture, i. «., with dry, pl^ 
tially saturated, and comi>lotely saturated filters. 

The results or the experiments, so far as we are prepared to communicate them, sre 
given in the tables below, which contain the full data. Table I contains the teete 
of the first problem with dry filters ; Table II, with wet filters ; while Table III 
and IV give respectively the results of slow and rapid filtrations. Accompanying 
these tables are graphical representations of the lengths of time during which the 
different infusions have remained fresh. The figures on the horizontal lines repre- 
sent days (in Table II, first series, weeks)^ the vertical lines the number of days 
and parts of days, therefore, that the infusions remained intact. The times given 
are the periods oetween the preparation of the experiments and the first appear- 
ance of decomposition to the naked eye. Where this could only be told within certain 
limits dotted lines in continuation of the vertical lines represent the extreme limits. 
The lines running above the scale and terminating in arrow-points denote infasions 
which are still clear. 

With the dry filters we have experimented, as will be seen, with asbestus, sands, 
and charcoals (both vec^etable and animal) of various degrees of fineness, mixtures 
of sand with clay in dinerent proportions, pure clay, coal-ashes, and one natural soil, 
a loess from the vicinity of Council Bluffs, taken some forty feet below the snr£M». 
As wet filters asbestus, sand, charcoals, and loess have been tried. For slow quanti- 
tative filterations dry asbestus, sands, charcoals, and for rapid filtrations dry asbes- 
tus and sands have been tested. 

For asbestus filters the so-called carded asbestus* which can now be obtained oom- 
mercially. was employed. For sand filters the very pure sand from the Berkshire 
sand- works has up to the present time been used. This is a very pure, crushed quarts. 
For animal charcoal filters both bone-black and very fine charcoal from blood, &e., 
were used. The sands and charcoals employed were carefully sifted throuffh sieves 
containing ten to one hundred meshes to the inch. The fineness of the sanosis indi- 
cated in degrees. Thus a sand marked in the tables 25-30^, for instance, is one whioh 
will pass entirely through a sieve containing 25 meshes to the inch, and be retained 
completely by a sieve of 30 meshes to the inch ; sand marked lOCP contains sand of 
every degree of fineness, above one-hundredth of an inch up to the finest powder. 

* The use of asbestoA in this form for the purpose of preserviiiK inftisions in bulk for enbeeqiMBt 
experiments cannot be too highly reconmionded, as the canled asDMtos is as convenient and aerfie^- 
able a filter as cotton, and can beat once sterilised by direct ignition in the open flame of the bomer. 
It has been oar practice to prepare the infusions for experiments in qnantity, to store them in laxge 
flasks, the neclu of which were then loosely stoppered witli a wad of asbestas. Although bohm ef 
these flasks have been repeatedly opened, while others have remained undisturbed for weeks, we bore 
never had in either case an infusion decompose. It is simply necesaarj* after using aportion of an in- 
Aiaion for experiments to reboil the remainder and reinsert toe £reahly-ignited plug of asbeatoa. 
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Table If first series — Dry filters. 

For these experiments, tabes (Fig 1), with a contraction in the middle, and flasks, 
with the necks contracted at the base, for the ])arpose of supporting the filters, were 
employed. In three of the first experiments with sand filters the necks of the tubes 
employed were plugged with a little asbestos, the sand being filled in on to these, 
but as it seemed possible that these simple plugs might themselves act as filters, in 
all subsequent experiments disks of fine copper gauze (ordinarily of 80 meshes to the 
inch), of a diameter somewhat greater than that of the tubes, &c., were fitted care- 
ftilly into the necks. Whenever very fine filters, as the sands and charcoals of 100°, 
coal-ashes and loess were used, a thin layer of the same materials in a coarser form, 
or of coarse sand, was interposed between the gauze and the filter, in order to prevent 
the latter, so far as possible, from sifting through into the infusions. 

In preparing the experiments great care must be exercised in order to insure a 
thorough sterilization of the tubes, filters, and infusions, and we consequently de- 
scribe below our method of experimenting in detail. That the method can be relied 
npon is, we think, clearlv shown in the results of the experiments. Out of nearlv 
two hundred tubes and flasks prepared with filters there are only seven cases in whicn 
the infusions were undoubtedly not sterilized. Of these^ two are milk samples and three 
are hay infiisions, the two. as is well known, most difi9cult substances to sterilize. 
Besides these there is one oeef and one fish infusion. Of the fifty-seven tubes, &o., 
Ibr the water filtrations of the second series of experiments, all were completely ster- 
ilized. 

The tubes, after being thoroughly cleansed, were filled with the infusions about 
iialf way up to their necks ; the copper disks were fitted in, and the tubes then heated 
in a paraffin bath for from one-half to three-quarters of an hour, at as high a tem- 
perature as possible. In some cases the tubes and flasks were heated very strongly 
oefore being filled. This, though not essential, is, perhaps, in all cases, an advisable 
precaution. The temperature of the paraffin bath was usually about 110°. The 
Dath consisted of a copper cylinder some twenty inches in lengthy and in this the tabes, 
strong on wires, were suspended^ immersed in the paraffin to within an inch of their 
tops. In this way thev were uniformly heated throughout their entire lengths. On 
the removal of a tube rrom the bath the portion above its neck was immediately very 
strongly heated over the direct fiame ot the burner, the tube being held in a shuit- 
ing position, and the hot filters added as quickly as possible. Whenever asbestus was 
employed as a filter it was added in small portions, each successive portion being first 
ignited for a few seconds over the burner. The sands, the loess, and the coal-ashes 
were boated very intensely in closed vessels. The animal and vegetable charcoals 
were heated in shallow pans for a long time, in an air-bath, at temperatures of 250° 
to S75^, and, while the tubes were being filled, directly over the naked flame of the 
bomer, at temperatures as near their ignition points as possible. 

The flasks were occasionallv boiled in paraffin baths, as, for example, in the milk ex- 
periments ; more frequently, however, directly over tne burner. The boiling was in 
all cases maintained for about an hour, and the filters were then filled in the manner 
jost described. 

The infusions were in most cases boiled again after the insertion of the filters into 
the tubes, &c., as an additional precaution. All the utensils employed in filling the 
tnbee were also strongly heated. By means of these precautious we w^re assured of 
the absolute sterility of the filters. 

With every set of tubes and fiasks a few were put up in the same way, but without 
the filters, for comparison, and as control-experiments. Some of these were left en- 
tirely open ; in others the disks of copper gauze were inserted. Besides these a large 
nomoer of capsules, flasks, &c., containing infusions, were exposed from time to time 
to see if the air of the laboratory invariably contained germs. Many of the infusiona 
protected by fllters were at times exposed in other placM, as in the cellar, in a stable, 

Of the infusions in the open flasks and capsules, none remained uninfected for more 
than thirty hours, with the single exception of the one given in the table (No. 11), 
which remained fresh for nearly three days. The conditions were peculiarly favora- 
ble for the decomposition of the infusions and the rapid development of bacterial 
Et>wth8, as the climate is an exceedingly dampone and the temperature in the 
boratory during the summer months was over 80° Fahr. for the greater part of the 
time, and often ran above 90° Fahr. 

In not a single instance either has a tube left open, or covered simply by a disk of 
copper gauze, escaped infection from the atmosphere, thoush the time required for 
inoculation is in most cases, as woold naturally be expecteo, somewhat longer than 
that for the more exposed flasks, and especially for the capsules. The tabes contain- 
ing copper guaze seemed to have remained fresh on the average slightly longer than 
the entirely open tubes, as will be seen by a study of the tables, the open tubes rang- 
ing from one to eleven days (No. 93 eight days and No. 136 eleven days), while thoeo 
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witb copper gnaze raDse from nearlj one to nzteen days, No. 34 remaining fnA 
eleren, Noe. bK) and ISS twelre, No. 146 fourteen, and No. 101 sixteen days, respect- 
ively. 

Nor are the infusions protected by simply drawing out the tubes containing them st 
any point to long capillary tubes, as experiments i^-29 show. On the other hand, 
No. 30, in which the capillary tube was bent oyer so as to open downward, has n- 
mained intact. 

This fact has been observed before, that infusions will often remain uninfected 
when there is direct communication with the outer air through a tube opening down- 
ward or through a tube bent into a series of U-shaped curves, luid it proves simply 
that the microscopic organisms floating in the air settle upon ol^ects in the same 
manner as the grosser, visible particles of dust. 

Of the beef, fish, hay, cucumoer, and beet infusions, protected by sterilized filt«n 
of asbestus, coal-ashes, loess, fine animal charcoal, sands, and vegetable charcoida 
of 25° and upwards, none have as yet decomposed in consequence of infiltraiion 
of germs (with the single exception of No. 151, which contained only 1™™ of sand, 
30°-^°,) though many of them have already been kept six or seven months, and 
the filter columns in some cases are only 2^^ to 5°*™ in length. Noa. 12 and IZ de- 
composed within a few days after brief exposures to the air. 

Extremely interesting results are furnished by experiments 20, 124, 153, and 154. 
In these experiments, the results of which are apparently at variance with those (tf 
all others of the series, the infusions finally showed the presence of filamentous fungi 
and siibscquently of bacterial growths after remaining intact for long periods of time. 
These tubes all contained, it will be seen, very short columns of the finest sand, the 
coarsest grains of which were less than one one-hundredth of an inch in diameter, while 
the finest formed an almost impalpable powder. These filters barely covered tiie op- 
turned edges of the gauze bottoms on which they rested, and in spite of every precao- 
tion taken to fit the latter very tightly against the sides of the tubes, small portions 
of the finest sand from the uppermost exposed layers gradually worked their way 
down behind these edges into the infusions, carrying away with them still finer par- 
ticles of germinal matter^ which had accumulated on the surfaces of the filters and 
which then infected the infusions. In several cases where this sand or other very 
fine filters were employed, minute quantities of the filteriug material from the lower 
layers were gradually sifted througn the gauze into the infusions, in consequence of 
the jarring and shaking to which tne tubes were subjected during the daily exami- 
nations, but in no cases were the latter infected where the gauzes were completely 
covered by even two or three millimeters only of the filter, where consequently the 
uppermost exposed layer could not work its way in. A more striking proof that 

germs from the air accumulate upon the surfaces of the filters and are prevented by 
he latter from passing down into the infusions could hardly be furnished than by 
tliese few apparent failures of fine sand to act as filters. Coarse animal charcoal of 
15° did not act as a filter, as is seen in experiments 63 to 68 ; nor do short columns of 
sand of 10° to 20° aflford a sure protection to the infusions lor any great length of 
time, three of these tubes having already decomposed. 

The results of the milk expermients are more difiicult to explain satisfactorily. 
These have all broken down. One of them, No. 110, was evidently not sterilized, as 
it underwent putrefactive decomposition in about three days, while others, Nos. 103, 
105, and 112, which contained asbestus filters of various lengths, showed the first in- 
dications of change at the expiration of twenty-one, sixty, and fifty-four days re- 
spectively. No. 105 contained bacteria of putrefaction (]o. termo) and some cells 
which are again alluded to below. No. 112 was found upon microscopical examina- 
tion on December 18 to be still swarming with bacteria.* No. 103 was not examined 
under the microscope, but undoubtedly contained vibrios. 

To explain these decompositions we are driven either to the conclusion that asbes- 
tus in these cases si^nully failed to act as a filter, or that, notwithstanding the long 
intervals of time which elapsed before the decompositions became mani^st to the 
naked eye, the milk was not absolutely sterilized by the long-continued boiling to 
which it was subjected. 

That nsbestus, which has acted as a filter in so many cases m layers of only 1™"* to 
3mm^ 8houl(l uot filter the air in these cases where lengths of 5, 6, and 8*^" were em- 
ployed, certainly seems highlv improbable. On the other hand, it is by no means im- 
posHiblo that the milk, though boiled for a long time — over an hour in every instance- 
was not completely sterilized, as it is the most difficult of all cultivating liquids to 
sterilize, even surpassing old hay infusions in this respect, especially when it hat 
stood expose<l to the air lor a short time. The only features of the case on this sup- 
position which might occasion surprise are the very protracted intervals during whidi 
the milk, in Nos. 105 and 112, remained fresh to all appearance and the subsequtait 

* The term booteria is used throiighoat in the geooral Bonae, to denote all the fonna, as miotoooeci 
bacteria, vibrloe, spirilla, &c., which Naegeli claMiflea as ^altfUte or Sekuomyettu, 
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rapidity of decompoflition. The temperature * during the time of these experiments 
raused pretty constantly above 25^1 and sometimes even ran as high as 35^, an^ as 
we nave seen, all the flasks of boiled milk and all infusions which were exposed to 
the air at these temperatures, as also some which were protected by filters but were 
not completely steruized, decomposed rapidly and withm a few days. 

It is possible that fferms whose vitality was not wholly destroyed may have been 
encasea in indurate^ coalesced particles of the milk, and thus prevented from speed- 
ily developing. 

It is likewise possible that ^erms, thoagh not devitalised, may have been so chang^ 
or enfeebled by the long-continned boiling of the milk as to nave been rendered in- 
capable of immediate or active development, and that a vigorous capacity for self- 
multiplication was restored only after a generation or perhaps a series of generations 
bad succeeded them. Whether this was actually the case m the experiments cited 
could only have been determined by successive microscopic examinations and pro- 
longed culture experimeots, which, under the given experimental conditions, could 
not nave been carried on. If such were, however, the actual conditions, the develbp- 
ment may have ^oue on for some time before it became sufficiently marked to be de- 
tected, and the dates given in the tables would not then indicate even approximately 
the times of incipient decomposition. It certainly would not be impossible for this to 
happen , for the bacterial growths themselves could not be detected, as in the transparent 
iniusions of beef, hay, &c., thiough a cloudiness of the liquid, the formation of pel- 
licles on its surface or a mere film on the glass at the ed^es of the infusion, but their 
presence could only be discovered through the precipitation of casein, in consequence 
of the lactic acid or butyric acid furment^tioUi ^c, or through the formation of putre- 
fSftction products in large amounts. 

It must, however, be observed that, after the first indications of sourin^^ or of putre- 
Cftction, ine decompositions proceeded with marked rapidity, especially in No. 112. 

Periodical microscopic examinations are evidently necessary in all filter exjieri- 
ments with milk in order to fully control the results, and in future tests we shall 
consequently so modify the apparatus as to admit ot microscopical examinations 
without at the same time disturbing the filters. The necessity of microscopical ex- 
aminations becomes more apparent from an examination of the experiments, Nos. 107 
to 109 and 113 and 114. 

The decompositions which have here taken place are more difficult still to account 
for. The milk in these flasks appeared to have remained unchanged for several 
months ; small quantities of casein separated out very slowlv, in somewhat granular 
masses, which remained for the greater part suspended. There were no inoications 
of lactic acid fermentation or of putre&ctive decomposition, nor could traces of 
Tibrionic ^pt)wths or of bacteria of decomposition be found under the microscope, 
with the aid of a Zeiss one-twelfth inch homogeneous oil-immersion objective, in Nos. 
107 and 113, which wore opened and examined January 22. 

The»e had, however, an acid reaction, a peculiar disagreeable, oily odor and taste, 
somewhat like that of stale, unsalted butter, and contained some spherical cells 
closely resembling colostrum-corpuscles, which were stained bv anilin- violet. They 
had evidently undergone some chemical change. Exposed to tne air they underwent 
the usual fermentation, the casein coagulating in thick curds. 

Similar results were obtained from tne examination of No. 114 in February (Hart- 
nack, nine, water-immersion objective). 

Nos. 108 and lOUgave the same oilv odor, ^c, but have not as yet been examined 
microscopically. With these we shall try cultivation tests. 

These changes mast have taken place either without the action of inferior organisms, 
{. f.. through strictly chemical processes, or else through the development of some 
form or forms of orj^anisms in so inconsiaerable a degree as to escape detection. 

Besides the expenments just discussed several tests (Nos. 35 to 5b) were tried with 
nnsterilized filters of sand, asbestus, and cotton for comparison withthese^ the object 
being to learn whether the germs which these bodies undoubtedly cent am in couse- 

auence of their previous free exposure to the air would readily be detached from 
^em and fall into the infusions in the tubes and flasks. For all germs deposited 
upon them from the air, after their insertion into the filter-tubes, they would act as 
filters as well as the sterilized materials, and only those germs adhering to the lower 
hiyers as the tubes were filled could become detached and fall into the infusions. A 
slight mo<lification in the method of experimentation is here obviously necessary ; for 
should the infusion be maintained at tne boiling temperature during and subsequent 
to the addition of the filters, the germs adhering to their lower surfaces might be de- 
stroyed bv the steam ; while, on the other hand, should the infusions be allowed to 
cool, wholly or in part, previous to the insertion of the filters, there would be no 
guaranty that gem^ had not entered from the air. 

In the series of flasks (Nos. 35 to 46) the filters were added directly the infusions 

* Tyndall gives aboat 27o to 82^ m favorable t«mperatiirM for the development of these lower organ* 
kma ; Kaegeli a temperature of 7o, others 88^ to w^ aa the most fkvorahle for n^id developiiieiik 
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ceased to boil sfter the remoTal of the flame. The aeries of tubes (Sob. 47 to 58) 
were partially cooled directly beneath the flame of a burner, so that the air on enter- 
ing flrst paaaed throoffh this, and was in consequence fi:eed finom organisms. The 
filters were then quickly added, the burner being raised sufficiently to admit of their 
insertion. 

The results would seem to indicate that the temperature of the flasks was sufficient 
in most cases to destroy the Titality of the germs on the lower surfaces of the filters^ 
as only three of the twelve infusions hare as yet decomposed, while in the tubes only 
fire out of the twelve have escaped infection. It is, however, possible that living 
germs have not as yet been detached from the filters in these cases. The dates of de- 
composition aflford sufficient proof of the initial sterility of the infusions and the 
inoculation from the filters in the infected tubes, Ac. Should the still undecompoeed 
infusions of this series remain f^^esh for a lonff time, we shall try the' effect of slight 
currents of air upon them. The results with these unsterilized filters show the neces- 
sity of careful steriUxi&tion of all filters. 

Table U, fint m i m Wet flUen. 

The tubes and flasks were filled precisely as were those of Table I, and while the 
filters were still quite hot. distilled water, the sterility of which had been insured by 
protracted boiling, was added until the niters were completely saturated, the water 
Dcing thrown upon them in a fine stream from a wash-bottle while still violently 
boiling. The filters in the tubes were kept saturated with wat» fi>r a long time, s 
fbw drops of unsterilised water being subsequently added fh>m time to time to sup- 
ply the loss by evaporation. They were then allowed to partially dry, and have 
since been kept moist. Those in the flasks were allowed to gradually dry through 
evaporation. 

While asbestus. coarse and fine sands, fine vegetable charcoal, and loess have, in 
the great minority of cases, protected tne infhsions, coarse animal charcoal of 15P 
(Nos. 11 and 12) failed, as it did in the dry state, to filter out the eerms of the air. 

Of the remaining seven cases of decomposition, two (Nos. 20 and 23) resulted from 
incomplete sterilization, one (No. 3) was undoubtedly, and two others (Nos. 1 and 4) 
were probably caused by subsequent infiltration of unsterilized water, too large a 
quantity having been incautiously added. This may possibly have been the caas 
likewise with experiment No. 25, though no water was seen to have percolated tbs 
filter subsequent to the preparation of the experiment. 

It was a matter of some difficulty to keep the filters thoroughly wet and at the 
same time to prevent the water from running through into the infusions ; and it will 
be observed that the decompositions resulting from infiltration of water were all with 
filters of sand, a material which si^ally £eu&, as is shown in experiments of the seo- 
ond series, to free liquids from their germs. 

In No. 22 the decomposition is undoubtedly due to the final entrance of germs 
through the dry filter, as the infusion remained clear for 164 days, when a filament- 
ous fungus appeared, which rapidly developed. In this experiment an ordinary, 
wide-necked nosk was verif loosely filled with asbestus to a heignt of about 2<^. After 
saturation with sterilized water the asbestus was allowed ffr^lually to dry. This is, 
up to the present time, the onlj instance of infiltration uirough a short column of 
asbestus, as No. 151 of Table I is through sand. 
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Table IV, first seriea^Dry filters, QuantUaUte, rapid air-JUtraUani. 

Tulies a8 shown in Fig. 3, were employed for these filtrations, and were filled in the 
ittie manner as those in Table I. The aspirations were in all cases through the same 
in of the tubes, though both necessarily contained filters. 

Three tubes of this series (Nos. 3, 8, and 14) were not completely sterilized when 
repared, and two of them (Nos. 8 and 14) were consequently boiled again. In No. 1 
nbbles were forced up into the filter, in consequence of the rapidity of a filtration, 
id decomposition ensued, as it almost invariably does in such cases, in consequence 
* direct infection down the tube. The tubes 1.3<^ in diameter were found to oe too 
krrow for the subsequent, more rapid filtrations, and only those 1.9^™ in diameter 
ere therefore tested. The filtrations with the narrow tubes are consequently not 
joorded in the table below. 

Most of the wide tubes have been tested many times, hut in not a single instance as 
ft hoe the filter failed to remove the germs from the air passing through it, though the fiUra- 
nne hare finally been carried on toith very great rapid^, as will be seen by an examina- 
on of the tables. 

Wo purpose to continue increasing the rate of these filtrations until the inAisions 
nally break down, i. «., until the air is forced through tJie filters in such a current 
lat the germs are carried with it ; though, in view of the surprising filtering pow- 
-8 of the materials employed, it may fijnst oe necessary to modify our apparatus. 



248 



BEPOBT OF THE NATIONAX. BOAHD OF HSALTB. 



H 



tili 



i an a2 ss as ssa tiRit 



1 I 
'I ■! 

i * ; ! 
i 5.1 

i I' 
a ^ I 

ri 



til 



1^ 



I I 



B — * s* SS XS 8* S5 3S 8S S 



\ii\t 



I 

I 



i 



ii 






iiliilii 



I! 



I I 






I i 



; 5S K5 sua 8sa 



REPOBT OF THE RATIONAL BOABD OF HEALTH. 





•s 

1 
1 

■3 
•s 

1 


1 


i 


ai 


'- 


Sb ff 


: «3 


" ■•-- i 




ri 




; ■==■= ==■= 




- 


» 


. -r s 


i •*« **^ 




n 


o oo = 


: ■° = ° '=°-° 




1 


■a 


>i 1 


'S : 


i i" is* 




»i 1 - 


-,*" : 


: ;■" :=■» 




% 


si 1 as ;; 3 


: * 


; a ; ; 




ri 


ss; ■ ' 


■ " 


: ' i : 




j 


i i n 




iq 


*aa s2a aaa aaa 




1 

i 

1 


i 


s 




* ss a** : 








- =- <"•" : 






; 










: 3139 SS3 












i «* *»* 




s; 


> 






i "SA 






«l 






i -«.. 






s 




3SSS : 








oao : 






jt 






5s a 


S 




I 






"> - 


. 




5 






aa 












-H 








H 






as 












— * 








n 






53 












— ' 














*a 












-"' 








• 






•8 












-•• 








C 






*- 


- 


"Hih 




CB 




«. 




" 


H 


= 00 ; 








Bl 


asa : 








1 


i 1 IH 












- 


s 


s as 


s ss 


a flas 1 



If 

I 111 

i 1^3 

1^ SI 

II fll 



m 

•HI 

li ^i" 

P 

lip 



250 REPORT OF THE NATIONAL BOARD OF HEALTH. 

All of these experimeiits are to be tried with the remaining artificial filter»-M 
Bpongy irou, carferal, Sec. — which have not as yet been tested, and also with a large 
uuiuber and variety of natural soils and with still coarser sands and gravels; ^e 
quantitative filtrations, besides being continued with dry filters^ are to be tried with 
sterilized wet filters, with unsterilized dry filters, and with filters moistened with 
unsterilized water, putrid infusions, &c. 

The question of temperature is fdrthermore to be more ftdly taken into considen- 
tion, as this is perhaps a not unimportant factor in experiments of this nature, and 
some of the tests are to be made at temperatures of *3b° to 50° or 60°, i, e., at temper* 
atures considerably above the average temperature of the air in summer. 

SECOND SERIES OF EXPERIMENTS — UQUID-FILTRATIONS. 

Tahle9 I and II^-FUtratums offreeh and putrid infusions through BterUized JUten, 

For all of these experiments, excepting No. 5 of each table^ tubes, as shown in Fk. 
1, were employed. The tubes were strongly heated, filled with the hot sterilized m- 
ters, as before described, and then heated again in a Carius oven for several hours at 
a temperature of 250^ to 275°, or, in a few cases, on a oombnstion-fumaoe at a low 
red boat. The flasks and filter-tubes used in experiment 5 of each table were very 
strongly heated over the naked fiame of a large burner. After the tubes had cooled 
the infusions were slowly added. The fresh infusions were previously exposed to the 
air in capsules (see notes accompanying the tables) for a sufficient length of time to 
insure their containing germs. 

As the filtrations into the tubes necessarily took place against the pressure of the 
air within the tubes, the air being forced out through the mass of the filters, they pro- 
ceeded very slowly in most cases. As the object was, however, to determine whe^er 
the materials employed could, under the most favorable circumstances, act as filters, 
which at first seemed highly improbable, as the germs would naturally be expected to 
adhere somewhat tenaciously to the particles of a liquid, this was considwed to be 
an advantage rather than an obstacle to the experiments. The simple devices re- 
sorted to in various cases to slightly hasten the filtrations, and to prevent the air from 
raising the mass of the filters, are described in the tables. 

How very difficult it is to remove the jgerms from a fiowing liquid, by means of a 
filter, is abundantly shown in the experiments of this series, many of the materials 
whicn afforded the infusions ample protection from the air failing here utterly to pre- 
vent the transmission of ^erms. Thus the sands, the vegetable charcoals, coarse 
animal charcoal, and likewise asbestus in most cases, did not in these tests act as fil- 
ters for fr«sh-beef infusions : and sand, vegetable charcoal, and coarse animal charcoal 
failed even to filter putrid-beef infusions clear, the first few drops x>ercolating them 
being almost invariably still clondv frt>m the bacterial growths, and continuing to de- 
compose. The only exception to this is experiment No. 4, but only a drop or two of 
the infusion had filtered nere. 

On the other hand there are two (Nos. 13 and 14) and in all probability four (Nos. 
12 to 14 and 30, Table I), cases of successful filtration of a fresh-beef infiision through 
tightly-packed asbestus, which likewise removed both the products of germination 
and the undeveloped germs * themselves from a putrid-beef and hay infusion in the 
only two cases (Nos. 6 and 12, Table II) in which it was tried. 

Very fine animal charcoal (experiments 25-28, Table I) likewise served probably in 
every case to filter the infusions.! It is true that three of these filtered infusions sub- 
sequently decomposed, but the time required leaves no room for doubt that the cause 
was due to direct inoculation. The tubes were not sealed at the necks after the filtra- 
tions, as it seemed of interest to determine whether bacterial ^^wths could spread 
through the fine charcoal filters, as they had previously done in a few instances in 
the first series of experiments through asbestus and sand filters, which had accidentally 
become permeated by the infusions, and, if so, to learn how long a time might be re- 
quired for the infection to spread through the filters and down the films ofliquid on 
the sides of the tubes into the filtered infusions. After the decompositions of Nos. 25, 
26, and 28, which occurred in forty-five, forty-eight, and fifty-one days, respectively, 
No. 27 was, however, sealed. This has remained fresh. 

*It msy be arjnied that the evidence of perfect filtration in these two experiments ianotconclosiveao 
far aa the undeveloped orffaniama are concerned, for, although the putrid infnaiona filtered clear, and 
have aince remained per^ctly limpid for seven months, yev there is a remote possibility that their 
nutritive matters for tne forms of orcaniam which they contained may have become exhausted prior to 
the filtrations. Under such a contingency the filtered infusions may have retained eerma, which, 
however, have subsequently not developed from simple lack of nourishment. We shall decide this by 
inoculation tests on other cultivating liquids, as well as by determining whether the infuaiona are 
stiU capable of nourishing the same forms of organisms as before. 

t As the filtrations were carried on in these experiments for three to four days, they are f n reality 
tests both of fiwsh and putrid infuaiona. 



REPORT OP THE NATIONAL BOARD OP HEALTH. 251 

In most of the oases of decomposition recorded in Table I the development of life 
as sufficiently rapid to be detected in from one to three days, and in a few cases even 
Witiiin a few hours after the filtrations. Several infusions (especially Nos. 3 and 4, 11, 
and A^)f however, remained perfectly clear for a somewhat longer period. It is not 
impossiDle in these cases that the infusions were subsequently infected, as in the in- 
Btuioes previously cited. It is, however, more probable that the fine sand and the 
asbestus acted here as differential filters, though failing to completely remove the 

It must here be remembered that the dates of decomposition given in these tables 
denote the times when the first appearance of an organic growth of an^ kind was ob- 
served, either through the appearance of a fungus in any part of the infusion, or. as 
was more frequently the case in these filtrations, through the detection of the nrst 
faint opalescent cloudiness of the liquid, so characteristic of some forms of bacterial 
developments, or, again, of a minute film on the tube around the edges of the infu- 
sion. 

Whenever there could be any doubt in regard to the decomposition of the infiisions 
recourse was had to the microscope, the examinations being made in most instances 
wiih a Zeiss, twelfth, homogeneous oil-immersion objective. A number of tiie infii- 
rions which had manifestly broken down were also examined microscopically, but as 
the object of our investigations was simply to determine in general whether the fcmgi 
and their fferms were filtered out from the infusions, the microscopic exandnationsare 
not given m the tables. It is, however, perhaps worthy of note that while in all oases 
the ordinary bacteria of putrefftction {n, tenno) and likewise B. linwla were present 
in decomposing infusions, haoiUa forms were very rarely met with, though the latter 
were almost invariably found in the water-filtrations oiTable III, a fact which would 
appear to indicate a comparative freedom of the atmosphere in this locality firom germs 
or this class. 

That the filtered infusions should have decomposed somewhat more slowly than the 
oorresponding unfiltered portions, which were left exposed for comparison, and which 
were constantly receiving fresh accessions of germs firom the surrounding atmosphere, 
is natural, and it is certainly possible that if the greater portion of the germs do re- 
moved by a filtration the decomposition may proceed so slowly as to require several 
days for its detection. 

It isj, however, dear from the experiments that only asbestus and fine animal ohar- 
ooal of the filters as yet tried have the power of filtering these infusions. With these 
we shall try several more filtrations, sealing the tubes subsequent to the experiment. 
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Table III, teoond neriea—Water-filtratioM. 

experiments with a few exceptions, which are specially descrihed below, were 
d precisely as were those recorded in Table I, first series, and were allowed to 
sufficient length of time, usaally from three to five weeks, to prove their ster- 
Water was then added, which slowly percolated the filters and ran into the 
IS. In most of the experiments the filtrations were carried on very jgraduallyy 
y small quantities only of water were allowed to pass the filters. The filtra- 
LTough the asbestns, coal-ash, and fine animal charcoal columns were, however, 
conducted much more rapidly, the tubes being occasionally gently warmed 
he infusions to expel the air and hasten the flow of the liquid. 
Ine animal charcoal filters, as also some of the clay filters, were forcibly main- ' 
in position in the tubes by disks of copper gauze. The loess, coal-ash, and 
f the clay filters were furnished with ventilating tubes (5™™ in diameter), which 
9d through the mass of the filters to the sieves on which they rested, and pro- 
for an inch or two above the tubes. These ventilating tubes were plugged at 
ids with asbestus to prevent the entrance of unfiltered air ; were heated for 
hours in a Carius oven at a tempNerature of 25(F, and were immediatehr trans- 
irhile at this temperature to the filter* tubes, as the latter were taken from the 
I bath. The hot filters were then packed around them as quickly as possible, 
sr-tubes, as before, being verv strongly heated. But very little advantage was, 
sr, derived from the use of these tubes, the method of employing copper disks 
» the filters in place, and gently warming the tubes to expel the air, being on 
ole preferable. 

ill he seen by a study of the table only one of the filters has served to whollv 
', the infusions from infection. Tightly-packed asbestus, fine animal charcoal, 
)rhaps, coal-ashes also have filtered the water to some extent ; the first portions 
(the filters being probably entirely freed, and the final portions, which were 
r filtered, being almost entirely freed from germs, as the decompositions have 
place with extreme slowness, and, in some of the experiments with asbestus 
especially, are still so faintly marked as scarcely to be detected. It is possible 
le loess also may have acted to a very slight degree as a differential filter, inas- 
is a considerable quantity of water was filtered into these tubes before the in- 
could be discerned. 

Is, pure clay, mixtures of sand with clay in different proportions, vegetable 
si, and coarse animal charcoal were, on the other hand, m tnese short columns, 
y devoid of any filtering power for water, as they were before, so far as tried, 
infusions themselves. Only very trifling amounts of water passed these filters 
thci infusions broke down ; and the decompositions proceeded very rapidly, the 
•ns becoming thoroughly turbid in a few days, while masses of the d4hrii collected 
bottoms of the tubes, r^os. 32 and 40 remained clear for some time, but scarcely 
treoiable amount of water passed these filters. 

rg^ number of these infusions, especially those in which the growths were feebly 
d, were at different times examined microscopically. The results of these ex- 
tions are given in the table. 

lew of the extreme importance considered with reference to the sanitiary aspects 
experiments on germ filtrations by soils possess, it was deemed advisable not 
> extend these tests to other natural soils, but also to continue them with sands, 
j^ing much longer filtering columns, in order more fully to test the question 
er tney possess in any degree the power to act as filters. Tests with other soils 
Dot as yet been tried to any great extent, but we are enabled in this report, 
(h the experiments Nos. 2, TjC, and 57, to give decisive and complete results in 
r to the question so far as sand filtrations are concerned. 

xperiment No. 2, a filtering column of the finest sand, a little over four feet in 
1, was employed. The glass filter- tube was heated, then filled with very hot sand, 
eate<l again very intensely throughout its entire length. After cooling suffici- 
it was attached to the flask containing the infusion, which was then boiled for 
a hour to insure its absolute sterility. The rubber stopper through which the 
tube passed was provided with a second, short tube filled with asbestns, which 
bed an escape for the steam during the boiling and for the air during the filtra- 
This asbestus tube, as were those used in all subsequent experiments, was care- 
tterilized. Freshly-ignited asbestus was packed into the heated tubes, and the 
precautions were observed to thoroughly heat all the utensils employed in the 
iions. 

Xperiments Nos. 56 and 57 lead pipes were used, the filtering columns of mixed 
and fine sand (18^ to 100^) being 22 and 100 feet in length, respectively. (Fig. 
rs the arrangement of the apparatus.) 

Sftod was heated in a large boiler for a lon^ time, the boiler being maintained 

dl red-heat, and was then poured into the pipes while still intensely hot. The 

closed at the lower ends, were suspended perpendicularly during t-his process, 
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and the sand was filled ia as compactly as possible. The longer pipe was filled in two 
lengths, which were afterwards soldered together. The pipes were then coiled, disks 
of copper gauze were fitted into the lower ends to prevent the sands from falling into 
the flasks, and short tubes of quarter-inch pipe soldered on to them to connect with 
the flasks. 

Although the heat of the sand was deemed amply sufficient to thoroughly sterilize 
the inner walls of the lead pipes, yet to leave no room whatsoever for doubt in regard 
to the sterility of the filters, the coils before being attached to the flaaks were heated 
for some six hours at a temperature of over 25(P in an air bath* constructed for thii 
purpose. 

• After attaching the coils to the flasks the infosions were, as usual, boiled for over 
an hour. In experiment No. 56 the apparatus was allowed to stand for a week; in 
experiment No. 57 for nearly a month, before the filtrations were started. The per- 
colation of No. 56 was eflected in one day, while that of the longer tube required fif- 
teen days ; the filter was not, however, constantly supplied with water during the 
nights, and no attempts were made to hasten the filtration. The amounts of water 
added each day are recorded in the table. The pipe was coiled in several conceDtrio 
helices, and the water in traversing its entire length was forced to pass alternately 
up and down the successive coils. The most favorable conditions were thus afibnied 
for the filtration of the water in case the sand exerted any power whatsoever of re- 
moving the germs. 

These tests show conclusively the utter worthlessness of sand as a filter for ger- 
minal matter. 

The investigation into the absorption of inorganic salts and of nitrogenous organic 
matter by sand filters, which we hope at an early date to take up, derives an ad- 
ditional interest from those results. In view of the fact that sands fail to retain in 
their pores these particulate forms of matter it would appear highly improbable that 
they (.'an exert, at least to any marked degree, an absorptive action on the still finer 
matters, organic or inorganic, of a solution. Should this prove to be the case, and 
should it furthermore be found, as the researches of Bonssingaultt t would app^to 
indicate, that organic matter is oxidized with extreme slowness In a bed of sand, it 
will be seen that no reliance whatsoever can be placed uiion it as a natural filter. 

The facts here brought out seem to us of importance considered with reference to 
the sources of supply of our drinking waters ; the relative locations of wells, oe»> 
pools, &.C., in our towns; and also with reference to the methods of removal of ex- 
creta, &.C., especially during the prevalence of an infectious disease, the infective 
materials of which may be communicated through water. A good bed of sand hai 
commonly been regarded as one of the most efficacious forms of fiLlters, amply pro- 
tecting our well-waters against all contaminations, even though the wells be simk at 
no remote distance trom sewers, cess-pools, cemeteries, &c. But we see that sand ut- 
terly fails to remove germs of putrefaction, ^c, such as are normally found in the 
air and in water, from liquids; while its power of absorbing dissolved matter, organic 
or inorganic, must also be seriously questioned. 

Nor do the sandy or even clayey soils afford us a safeguard against germ contami- 
nation of our well-waters, as the experiments with loess, clay, and clay mixtores 
would probably justify us in concluding, although it must be admitted that we haTC 
not here strictly the same physical conditions as in a natural soil which has not been 
subjected to heat. 

The subject of germ transmissions through soils demands on the part of sanitariaoB 
the most searching investigation, not onl^ on account of the possibuitv of contamina- 
tion of our drinkmg waters through infiltration of germs, but also because the air, 
especially in our dwellings, may become infected if the soils in their natural con- 
ditions possess no power of retaining serms or their adult organisms. For whenever 
in an infected soil the ground water, from any cause, rises to the surface, germs may 
be carried with it and upon drying be taken up by the atmosphere. 

* It consisted of a galvanized-iron cylinder some 3 feet in length by 18 inches in diameter, with croee- 
bar sapporta, for the coil to rest upon, about a foot from the l^ttom ; with riides to regulate Uie tem- 
perature, and apertures at tho top ana juf>t below the coil-supporta for th erm ometers. 

tBouseingault: Comptes rend. 76; Jahreaber. f. Ag. Ch. 1875-76; XVIII-XIX, 42. 
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NOTES TO TABLE UL 

a See Na 14, Fint Seriea, Table I. 

b In Na 2 the open tube wm fittedair-ti^t into the flaek by meaos of a robber atopMr. 1 
waa provided iriih a aeoond tube idaggM with aabeatna for ateam-eaoape daring eMHtt 
eacane daring filtration. The bacteriaTdevelopmenta were vary rapid ana proftiae. 
I « Bacterial growtha Terr abundant. 

J dTabea 8 to 18 were iUled with water September 3. September 7 Noa. 8,9, 10, and 11 il 

faint tracea of bacterial jrowtha. Theae growths hare increaaed bat very little ainea fte 
tember. The" 

■* tabeawere ,, 

fH I riight opalescence. Microscopical 

bacterial growths. Microscopical examinations of Nos. 8 and 9 December 23 revealed wy 
t terial growtha (B. termo, Ac). 

< Bacterial growths distinct in Kp. 14 and abandant in "So. 15. (Ordinary bacteria of pili 
Urmo, and alM B. Itnsola.) 

/ The filtrations were carried on very rapidly in Noa 19, 21, and 22: bacterial developBMa 
very slow. Examined onder the microscope December 28. Bacterial growtha in Noa. 21 and 
bat not abandant. Microscopical examination Janaary 26 {B. Urmof MienooodLi Jacflh 
yinat ; BpifiUa-—8pifittum-unduUi). 

XBMterial srowths very rapid. 
Decompotttion rapid. Microscopical examinationa of several of theae inftiaJons showad 
B. ten^o and Badttm. 

i ▲ few dropa of water filtered throagh on November 24. Sabaeqaently, aoareely aa i 
aaooont passed the filters. 

) Bacterial growths slow, bat finally profhae. 

\ In Na 50 the lead pipe waa connected with the flaakby alead tabeO by | inchea, whlehv 
to the pipe and passed au^tlght throagh the rubber atopperof thafiaak. In Na 57 the kiAl 
enter the fiaak directly, bat waa oonneoted with a glaaa tobe of aame diameter, whieh paa 
the rubber stopperjby rubber tubing to which a pmch-coek waa attached to oontvol tba flc 
into the inftiaioB. The bacterial growtha ware very rapid and abandant in both flaaka. ' 
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THIBD SERIES OF EXPERIMENTS— TRANSMISSION OF GERMS FROM ▲ UQUID TO THE AIR. 

The qnestion whether germs could be taken up by the atmosphere from a wet soil 
or a patreiicent liomd was one which early engaged onr attention. It has of late 

Siars been affirmed by many writers that serms are freely given oflf to the surround- 
a air through the evaporation of a liquid. The researches of Nffiseli/ and the still 
more recent investigations of Carmichcelyt Wemich,t Miquel,^ ana others, published 
during the present vear in various scientific Journals, have, however, conclusively 
provea the ralsity of this view, their experiments clearly showing that, under normiSl 
conditions of temperature at least, germs are never given off from a liquid at rest or 
ftom a thoroughly moistened sand or solid matter of any kind. Although we became 
acquainted with the results of these researches during the progress of our own in- 
Testigation, nevertheless it seemed desirable to continue the experiments in view of * 
the many important sanitary interests involved. 

In our study of the deportment of liquids, with reference to their germinal matters, 
three questions were considered, viz : 

1. Can a liquid ffive off germs to the euperincumbent atmosphere whem hoth are in a state 
of restf 

S. Can a current of air lake up germs from a liquid at rest t 

3. Can a liquid part with germs when buhhling, in consequence of the evolution of gases 
produced hg its own fennentationy ^., or of the aspiration of air through its massf 

To test the first question (experiments 1 to 6) the form of apparatus shown in Fig. 5 
was emplo^'ed. It consists essentially of a wide-necked flask, for the sterilized in- 
fhsion (a), into which a moderately wide tube, bent near the lower extremity so as to 
form a trap for the sewage, putrid infusion, ^c. (/), is inserted. The longer arm of 
this tube passes air-tight through a rubber stopper in the neck of the flask and com- 
municates fireely with the outer air. The stopper contains in addition an asbestus 
filter-tube (e). 

The infusions were boiled as usual for a long time to insure the sterility of the flasks 
and entire contents, the rubber stoppers being lightly inserted and the bends of the 
trap-tubes being filled with a little distilled water. While the flasks were coolinjg, 
these tubes were tiehtly stoppered to prevent the entrance of unfiltered air. The 
tube-stoppers were then removed and the decomposing liquids cautiously added, by 
means or a pipette, until they filled the tubes to within about half an inch from the 
tops of the shorter arms. The apparatuses were then allowed to stand at rest. 

In the experiments (Nos. 7-9) on the second question y-tubes were employed as 
traps, whicn were connected with the flasks by narrow tubing, as seen in Fig. 6. 
Both the flasks and the traps contained asbestus tubes. In preparing the experi- 
ments the flasks and N -tubes detached were boiled for a long time, the bends oi the 
latter being filled with distilled water. They were then connected by rubber tubing 
and the boiling continued for some time, the connecting-tube (c) being raised a little 
above the surtace of the infusion in the flask. The portions of the connecting tubes 
above the flasks were at the same time strongly heated in order to absolutely insure 
the destruction of all germs in them, and the asbestus tubes were likewise warmed 
to prevent the condensation of steam. The open arms of the y-tubes wero, as before, 
stop{>ered while the apparatuses were cooling, in order that only filtered air mi^ht 
enter the flasks. The y-tubes were then nearly filled with the decomposing liquids, 
tlie small quantity of distilled water in the bends of the tubes serving to prevent 
the entrance of air during the operations, and the connecting tubes (c) gently forced 
dowu into the infusions. The asbestus tubes (a) of the flasks were then coniiected 
with aspirators, and the air was drawn at any ciesired rapidity through the asbestus 
tul>es (o), whlr-h filtered it, over the surface of the putrescent liquids {/) and through 
the infusions (d). By this means, it will be seen, only germs given off from the liquids 
of the traps could enter the infusions. 

To test the third question (experiments 10-13) the form of apparatus Just described 
was at first employed, with the single modifica4on that the asbestus tube (d) was 
drawn out to a capillary tube, which terminated below the suriace of the putrescent 
liquid. 

Some difficulty was. however, experienced with this form of the apparatus, as the 
liquids were gradually foroed up the closed arm of the U-tube, a considerable pressure 
being requir^ to maintain the aspiration through the fine capillary tubes. The ex- 
periments required, consequently, very careful watching, and the aspirations could 

*Xexell: Die niederen Pike, u. •. w., MilDchen. 1877. 

tCannicluel: An experimental invettif^tion into the trap and water-closet ajstem. See. The San. 
Jonr., Tol. It^o. 49. March 1, 1880, Glasgow. 

: Wemich : iTeber verdorbene Luft in SliankeDriinmen, Ko. 1 79, Sammlanjc Klin. Vortrftge, Febroar, 
1880, VolkmanD. 

(lifiqael: Epuration dec eanz d'^gonts par le sol de Gennerilliers, Joomal D'Hyf^iSao, iu>., 1880, 8* 
vol.. US p. Report by Mari^-Davy. 
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not be carried on constantly and at a very slow, nniform rate. To obviate this diffi- 
cnlty, a straight closed tube was finally employed (exx>eriment 11), as shown in Fig. 7. 

In preparing the experiment this tnbe was first sterilized by heat ; the sewage waa 
then added t&ou^h a funnel, so as not to wet the upper part of the tube, and the 
tnbe connected with the flask while the infusion was still boiUng, the stopper, how- 
ever, only being loosely inserted so long as the boiling was continued. The costomsiy 
precautions were taken to iuHure the sterility of the connection -tube (c) and Uie 
portion of the tube above the surface of. the sewage (/). With this form of appantu 
the aspiration was constantly maintained. 

The results of the experiments confinu the observations recorded by the other ex- 
perimenters referred to. 

At ti4>rmal iummer temperatures no germs were given of from the deoompoeing Uqttiit 
whenever their eurfaoea remained unhroken, even though in some of ike experimemts ike «> 
ira« continuouslg conducted over them in a slow current. When the surfaces of the Jimndt 
were broken ^ however, hg the bursting of buhhleSy germs were invariabUf given off nm tie 
sterilized infusions infected, no matter how slowly the aspiration was conducted. 

In most oases (experiments Nos. 10, 1*2, ana 13) the infootion of the infhsiom re- 
sulted very speedily; in a single instance (No. 11), where the aspiration was con- 
ducted with extreme slowness, it was somewhat retarded, though not ultimately pre- 
vented. 

In these experiments two possible sources of error occurred to us. The traps and 
the connecting tubes were speedily coated with moisture from the condensed vapon 
of the infusions and the trap-liquids. There micht thus, it is obvious, be a direct 
continuity of the liquids in the traps and the cultivating-fiasks by means of these 
thin films of moisture in all the experiments of the second and third sets, as well as 
in some of those of the first set, for in some instances hero the traps were in direct 
contact with the surface of the cultivating-liquid, and not raised sligntly above it, as 
represented in the figure. 

Might not germs then from the trap-contents be conveyed along these moistened 
surfaces iuto the sterilized infusion by capillary action, or might these condensed 
vapors not contain a sufficient amount of germ nutriment to enable fungi to spread 
from the traps to the infusions? 

Although the possibility of direct infection of the infusions in either way seemed 
extremely slight, yet as t-he remotest source of error in experiments of this nature 
should be rigidly guarded against, in some of the tests (Nos. 12 and 13) the bends of 
the connection-tubes (c) were kept perfectly free from moisture during the entire time 
of experimentation, by means of a gentle heat. This source of error was in these 
cases, therefore, entirely eliminated. The infusions, however, decomposed as in the 
other experiments where the aspiration was through the trap-liquids. The results of 
the other experiments show, furthermore, that inoculation does not take place from 
such causes. 

On the other hand, might not the presence of moisture in the connecting-tubes (e) 
of the second and third sets of experiments have precisely the opposite efifect, i. e., to 
prevent, or at least to retard, the transference of germs from the traps to the cultiva- 
tion-fluids, in case any were taken up by the airf 

This objection, though likewise of no great weight, was the more plausible of the 
two, as the germs in passing through the long, narrow connection-tuoe (c) might all 
at some point come in contact with its moistened walls and adhere to them. 

To meet the objection control-tests (experimente 14 to 17) were tried. In experi- 
ment No. 16 the asbestus was removed from the filter-tube (&), so that air which con- 
tained germs might be aspirated. In experiments Nos. 14 and 15 no traps were 




kept constantly moist, 
but in No. 15, in which it was drawn out to a long capillary tube, it was allowed to 
dry. In experiment No. 17 the asbestus was removed from the fiher-tube (6), which 
was drawn out to a capillary tube as in experiments 10 to 13, and the aspiration was 
conducted through sterilized water. 

In all of these control-experiments the infusions ultimately broke down. Neither 
by conducting un filtered air through sterilized water nor over moistened surfaces can 
the eerms be removed therefrom ; thoui^li, as a comparison of the tabular results of 
all the experiments would appear to indicate, the passage of germs is to a certain ex- 
tent retarded. 

We have just stated as one of the results of these experiments that germs are not 
given oft* from an infusion at rest to the air at the ordinary summer temperatures. It 
will bo seen, however, from the table that in four experiments of the first set the in- 
fusions finally decomposed. Settinc af*i(le tlie result of experiment No. 2 as untrust- 
worthy, the ilask having evidently been disturbed,* we have in experiments 1, 4, and 

* One side of the shorter arm of the trap was, on the dat« of the decomposition, fotmd to be coated 
with decomposition products of the putrid infosion up to the edges of the tube. 



REPORT OF THE TATIONAL BOARD OP HEALTH. 263 

5 cases of decomposition occnrriDg at the expiration of ninety-two, eighty -three, and 
one hundred ancf seventeen days, respectiyely, for which we can at present offer no 
•atfsfactory explanation. 

The flaMks in this set of experiments were by chance all placed on a shelf in the 
laboratory directly over a fnmace register. The temperature of the air immediately 
anrrounding the nasks was thus considerably higher than the average temperatnre 
of the room, after the furnace fires were started — ^about the middle of October. No 
absolute record of the extreme daily limits of temperature was made until November 
18, when, in consequence of the decomposition of No. 1, maximum and minimum 
thermometers were placed by the flasks. The temnerature was frequently observed, 
however, and found on several occasions to run as nigh as 35^, and on October 25 to 
hAve reached 37^. 

The very surprising cases of decomposition at these temperatures suggest the inter- 
eating question whether germs may not be taken up by the air at temperatures within 
the limits of our extreme summer heats, though they are not given off at temperatures 
but sli);htlv below these. 

With reference to the effect of temperatnre upon the transmissions of germs frpm a 
liqnid to the air, our attention has recently been called by Dr. Bigelow to the state- 
ment by Miqnel,* that in the evaporation of putrid liquids at temperatures of 40-45^, 
though not at lower temperatures, the aqueous vapors carry germs with them into 
the air. On the other hand, Marie-Davy, in the article previously referred to, reports 
that Miquel in some recent investigations evaporated putrid infusions to dryness at 
temperatures of 40^ and 45° without observing any transmissions of germs. 

In our own experiments the temperatnre has, since November 18, repeatedly reached 
39^ and occasionally 42° without any further decompositions occurring. It must, 
however, be remembered that these temperatures have not been maintained for any 
great length of time. 

That germs can be given off from a quiescent liquid to the air, even at high tem- 
peratures, has not been directly proven, aod we should by no moans feel warranted 
in assuming this as the cause of tne decompositionn above cited, although we are not 
at present able to account for them in any other way. 

As the tubes were constantly covered with films of moisture from condensed vapors 
there was no possibility of the bacterial growths drying around the surface-edses of 
the infusions in the inner arms, nor, were that to happen, would it seem prooable, 
judging from Wemich's t experiments, that germs could become detached and taken 
up by the air in the flasks. 

The other experiments of this series show that germs can neither be carried up the 
tabes by capillary action nor reach the cnltivating-liqnids by direct, continuous lines 
of growth. 

The flasks were naturally subject to fluctuations of temperature on account of their 
location. On the supposition that the traps might at times, under sudden fluctua- 
tions of temperature, nave been forced, in consequence of the asbestus filter-tubes re- 
sisting to a slight degree a rapid eflpress or ingress of air, control-experiments were at 
one time made with several of the flasks which had decomposed, by placing them 
directly over the register, where the temperature was 70-75°, and then removing them 
quickly to the outer air, the temperature of which was about (P. At the instants of 
exposure to the hot and cold air slight displacements of the liquids in the tubes were 
perceptible ; which were, however, only momentary, t\ie air passing freely through 
the asbestus. On another occasion the flasks were subjected to temperatures of IQ/^ 
and — ^7°. Although these changes of temperature were much greater and more sud- 
den than any to which the flasks could have been previously exposed, ^et we did not 
succeed in any instance in forcing the trap-contents over into the infhsions. 

The fact that the infusions remained perfectly clear for several months, and then 
suddenly and rapidly decomposed, precludes the possibility of their having been in- 
completely sterilized. 

The results of investigations thus far indicate, however, that in experiments on this 
problem the temnerature must be taken into consideration as one or the factors. In 
consequence of tnese results we purpose to continue this entire series of experiments 
on the transmissions of germs frt>m quiescent liquids, in cultivating-chambers at con- 
stant temperatures from 35° to 45°, or even higher if necessary. 

* Miqael : Anmifcire M6t6orologiqae de Montsonris, 1878, 540 p. 
f Loc. cit. 
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In addition to the foregoing investigations, a few expeiimeuts have been tried by 
ns to test the efiects of carbonic acid under pressnre on bacterial growths. To tbii 
end, 8Uia]l quantities of brof iufusious were put into siphons and the bottles cha^:ed 
as usual, under a pressure of about 150pound!s. Carbonic acid under this pressureiUd 
not in any case prevent the development of organisms, though it apparently retarded it. 

We have also begun a series of experiments to determine the rapidity of the spread 
of bacterial ^owth.s along tubes or through columns of sand and other soils moistened 
with nourishing liquids, the results of which, however, we are not at present able to 
communicate. 

Tests of the permeability and the filtering power of cemented walls are being tn<4. 

Since the date of the foregoing report the work has been steadily prosecuted in \ 
continuation and extension of the experiments designed to test the capacities of soils 
as filters in eliminating the living low forms of vegetable life, both germs and adult 
organisms, from ground watt'r and ground air. In the progress of the experiment^ 
which will be fully detailed in a future report, it has been ascertained : 

1. That spongy iron surpasses all other bodies jret tried as a protective filter for 
water. Under slow filtrations it is found to eliminate germs completely from even 
foul waters, being superior in this respect to animal charcoal. It does not, however, 
withstand rapid filtrations, and the general result of the investigations would seem to 
lead to the conclusion that no material yet suggested can remove the germs from rap- 
idly flowing water. 

2. The slow and rapid quantitative air filtrations through sands and gravels have 
been largely extended with interesting results, which show that dry soils exhibit even 
in comparatively coarse grains a marked filtering capacity for germ-laden air. They 
show further that wet filters are still more efficacious than those that aredrv, and that 
putrid soils not only retain the germs which they already i>oe8C8s, but also extract 
others from air passing through them. 

3. Other experiments make it almost positively certain that germs are not given of 
by a quiescent liquid or bj' moist soil, even when a slow current of perfectly dry air is 
passing over them, at any temperature in which germ life can flonrisn. It is not prob- 
able, therefore, that specific disease genM can bo given off from the trap water of 
olonets, whatever may be the case with sewer gases without germs. 

4. Experiments have been commenced with a view to determine the depth to which 
germs penetrate below the surface and to test the filtering power of cements. 

5. The discovery that soils possess no power to remove germs from flowing Hqnids, 
while they are easily detached from dry materials and taken up into the air, has siig- 
gested the importance of testing the filtering powers of all materials entering intotoe 
structure of houses, especially such as are used for foundation walls, &c. 



APPENDIX 6. 
QUARAXTIXE AT NEWPORT, R. L 

October 10, 1881. 

Hon. A. H. LiTTLEFIELD, 

Governor of Rhode Islandf Providence^ R. I. : 

Sir : I have the honor respectfully to call your attention to the inclosed copies of 
(1) an official communication to the president of the National Board of Health by 
Samuel Powel, esq., president of the Sanitary Protective Association of Newport, 
and (t) of a letter addressed by the former to nis honor the mayor of that city. 

This correspondence having been submitted to the executive committee, and no 
reply having lyeeu received from the mayor of Newport, I have been directed to lay 
the whole matter before your excellency. 

In the execution of this duty I beg leave to invite your attention to a paper on the 
history of quarantine legislation in Rhode Island, by Dr. David King, of Newport, 
as contained in the National Board of Health Bulletin for September 10, 1881, a copy 
of which will accompany this communication. From the statements in this paper it 
appears that vessels inlJected with yellow fever or othei* infectious disease were re- 
quired, under a heavy penalty, to anchor one mile distant from a landing place. 
And yet, with a singular inconsistency, the city ordinance now in force prescribes 
that **the quarantine ground of the city of Newport shall comprise all that part of 
the harbor extending north from a line drawn from the light-house on Groat Island to 
the south extremity of Fort Green, and east of a line drawn from the head of Long 
Wharf to the western extremity of Coaster's Harbor Island. The mayor, or, in his 
absence, a member of the board of aldermen, shall determine at what distance from 
the asylum on Coaster's Harbor Island the quarantine vessels shall be placed, so that 
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•he health of the poor that may be in the asylnm may not be endangered." (Laws of 
die State of Rhode Island relating to the city of Newport, and ordinances of the city, 
1879, p. 155, chap. 21, sec. 2.) 

You will not fail to observe that while a proper regard was had for the safety of 
the inmates of the asvlum, no thought was given to the security of a large part of the 
city now closely built up almost to the water's edge along the defined limits of the 
ooarantine anchorage. The matter is further complicated by the fact stated in Mr. 
POwePs communication, that the greater part of this very area has been recently 
ceded to the United States for a training scnool for the Navy. 
I am, very respectfully, your obedient servant, 

J. L. CABELL, 
Prendait of the National Board of Health. 



September 8, 1881. 
To Dr. J. L. Cabell, 

Preeident National Board of Health : 

Dear Sib : Acting upon the request of one of our leading members of the Newport 
Sanitary Association — chartered for our mutual sanitary protection, and for other 
purposes — I take the liberty, as one of the members of said association, to represent 
to you that I am credibly informed and verily believe that the city of Newport is at 
this moment without any practical Quarantine ground, inasmuch as the land set apart 
for the same is the same land whicn has recently been turned over in part to the 
National Government for the Marino or Naval Training School plant; and, besides, 
that several members of our association reside upon land within a portion of the limits 
outside of the training school land, at Courter*s Harbor. My especial impulse for thus 
writing to you is — besides the knowledge that yellow fever now exists in the West 
Indies, and at Key West, an important port in the State of llorida — and that, besides, 
a vessel yesterday entered our harbor with flag at half-mast, having a man dead on 
boud from Southern malignant fever, as decided by the physician who visited the 
Teesel, and, as you well know, it is very possible to uiake error in such diagnosis in 
many cases where the history may be unknown and no autopsy being made. 

I am impressed with the importance of having a regular competent physician ap- 
pointed as soon as possible, whose responsible duty it sihall be to act as an official quar- 
antine physician, and that there shall be set apart as soon as possible a proper quar- 
antine station for the safety of ourselves, and for the proper convenience and comfort 
of those entering our port in distress. It is proper to say that I am entirely ignorant 
who was the physician who boarded the vessel in question, and that whoever he be 
I have not in this note the slightest disposition or willingness to make stricture upon 
the gentleman who was ready to risk his life in doing his duty for the safety of our 
homes. 

Very respectfully, yours, 

samlt:l powel. 

President Sanitary Protective Association of Newport^ R, /. 



Newport, R. I., September 9, 1881. 

Hon. Slocum, 

Mayor of Newport : 

Sib: I have this morning received a communication, addressed to me in my official 
capacity as president of the National Board of Health, by Samuel Powel, esq., presi- 
dent of the Sanitary Protective Association of Newport, relative to certain alleged 
defects in the mode of executing quarantine regulations in this harbor. Inasmuch as 
the act of Congress, entitled ^' An act to prevent the introduction of contagious and 
infectious diseases into the United States,'' approved June 2, 1879, imposes upon the 
National Board of Health the duty, in a certain contingency, of taking coguizance of 
such defects in the quarantine regulations enforced by local authorities as may be 
likely to prove detrimental to the public health, by facilitating the introduction of 
contagious or infectious diseases, it will be my duty to refer the communicatiou of 
Mr. Powel to the executive committee of the board, to which body I shall be glad to 
refer, also, any statement you may wish to make on the subject. 

The specific allegations will be found in the inclosed copy of Mr. PoweVs letter. I 
venture, in advance of any action which the executive committee may take with refer- 
ence to this matter, to respectfully suggest that it would probably allay the fears of 
the community, and otherwise prove beneficial, if the quarantine anchorage were 
transfbrred to a locality more remote from the city, and a competent medical officer 
were appointed to inspect all vessels with sickness on board or sailing from Southern 
ports between the 1st of June and the 1st of November of each year. 
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Auy commnDication yon may desire to addrees to the Nationftl Board of Health mij 
be sent to me at the reaidence of H. B. Anchinolow. esq., nntil ICondaj morning, or 
after that date to Dr. F. J. Tamer, secretary of the boards Washington, D. C. 
Very respeotfally, yours, 

J. L, CABELL 



ORIGIN AXD GROWTH OF THE QUARANTINE 6T8TB1IS OF THE XTKITED 8TATI8, IT 

STEPHEN SMITH, A. M., M. D., OF NEW YORK. 

STATE OF RHODE ISLAND. 

By David Kino, M. D., qf Nttaport, B. I. 

The first law passed by the general assembly of Her Msjesties Colony of Rhode Ii- 
land and Proviaence Plantations, In relation to (quarantine, was daring its sessicm st 
Newport on the 27th day of February, 1711. It is entitled "An Act to Present the 
Spreading of Infections Sickness," and reads as follows : 

'* Whereas Contagiatu Di$temper$ have been Bweral timet brought into thU Colonf, 6} 
ike Maatere of tikxM and other vesaeUf Coming into the several Porte of UUe CoUmff from 
Placee that are Injected therewith : 

" For the preventing whereof for the Future. 

Be it enacted by the General Jtiemblvy and by tne authority of the same, That no mas- 
ter or commander of anv ship or other vessel, that shall come into any port or Hsr- 
boar of this Colony, and shall in their passage hereto, have an^ person or persons 
sick on shipboard with the small-pox, or any other Conta^oos Disease, orahallcome 
from any port or place where any Contagious Distemper is brief or prevalent, ahaU 
not bring to anchor their ship or vessel, in any of the ports of this goTemment, within 
the distance of one mile of any pablick ferrv, pier, or landing place; or if any vessd 
or vessels that are at anchor therein, shall land nor suffer any person or persons, 
on board such ship or vessel to be landed, nor suffer any persons to come on board 
such Nhip or vessel, without a license first had from the Govemour of this Colony for 
the time being, if they shall anchor iu the harbour of Newport, or in his absence ftom 
one or more justices of the peace of said town, and if they shall anchor in any other 
harbour of this Colony, a license shall be first had and obtained from some one or 
more justices of the peace of such town, under penalty of forfeiting one hundred 
pounds, good and lawftil money of this Colony, to and for the use ofthe Colony, to 
be recovered by the General Treasurer ofthe Colony in the general Courts of TryaU 
of this Colony ; by bill, plaint ur information, and where the Offender or (MTenders 
herein, shall have no essoin, protection or wage^r of law allowed. 

^* And be it further enacted by the authority t^foreeaidy That if upon the arrival of anv 
such Hhip, or other vessel as aforesaid, in any harbour of this Colony, as aforesaid, 
any passenger on board, or anv mariner thereto belonging, shall and do come on shore 
or land from such vessel, without a licence first had and obtained as aforesaid, that 
then, and in such cases, it shall and may be lawfril for any Justice of the peace of 
such town, where such person and persons shall land, to require and command, and 
send such person and persons so offending, on board such vessel again, or to confine 
them ashore to any such place, as to him shall seem Convenient, for to prevent the 
spreading of any infection ; and the person or persons so ofiending, shall answer, 
satisfy and pay all charges that shall arise thereon, and shall forfeit twenty pounds, 
good and lawful money of said Colony, to and for the use of the Colony, to be recov- 
ered as aforesaid. 

'' And if the Offender or offenders have not estate sufficient to satisfy and pay the 
same, that they shall be set to work, by the direction, and at the discretion of the 
Judges of such Court where such cause shall be tryed, until the same be frilly satisfied 
and paid. 

^^ And fof the better putting this Act in Execution, 

^^ Beit enacted by the authority aforesaid^ That the Naval officer shall keep of this act 
publicklv set up in his office, for the view of all masters of ships, and other vessels 
that shall enter with him ; and the said Naval officer is hereby impowered upon any 
information unto him given of any ship or vessel arriviujg; in this narbour, that any 
infectious distemi)er aboard, to send on board of such ship or vessel, a doctor to ex- 
amine the same, as need shall require, and return thereof to the Govemour, or in his 
absence, to some of the Assistants, or justices of the peace of the town of Newport to 
make report, that due care may be taken therein ; and the master of such ship or 
vessel, shall pay all charges arising thereon ; and if he refuse to pay the same, it snail 
be recovered by the Navw officer* in any Court of record within this Colony. 

^* And be it further enacted by the authority aforesaid. That if, notwithstanding the above 
said precautions to prevent any infectious distemper from being brought into this 
Colony, that if any person or persons, passengers, mariners, or slaves, shall be landed 
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ftom on board any ship, or other vessel^ and shall , after beins landed, be taken siok 
with the small-pox, or any other infections distemper ; that then and in sach case, it 
shall and may be lawful, for any one assistant or justice of the peace of any snoh town 
where snob cause shall happen, to remove such sick and distempered person and per- 
sons to such convenient place as shall to them appear to be necessary, to prevent the 
spreading thereof; and the person or persons so removed, if free to pay the charge 
thereof, and shall be recovered in nny court of record within this Colony, by the per- 
son or persons that shall disburse the same ; and if the persons so removed be slaves, 
then the owners thereof shall pay the same ; and if the slaves are consigned to any 
person within the government, then such persons to whom consigned, shall pay the 
charge of the same, to be recovered as aforesaid." 

June, 1731. An act passed by the general assembly of Rhode Island, at Newport, June, 
1731, to prevent vessels coming into the government from places infected with the 
small-pox. 

** Every master of any ship or other vessel that shall come into the harbour of New- 
port andshall not bring to his vessel [at the Fort, Fort George] ; When the Gunner 
shall fire a shot at him. shall for the first shot pay ten shillings, and for the second 
twenty shillings, and for every shot after the second Five Pounds ; and the Naval 
Officer shall, before he clear said vessel, receive the same, and shall have three shil- 
lings as a fee for the same. All which tines to be for the use of the Colony." 

February, 1743. An act passed by the general assembly of Rhode Island in February, 
1743, to prevent the spreading of small-pox and other contagious sickness in tins 
colony, with the following preamble : 

'' Whereas the Small-Pox and other Contagious Distempers have been several times 
brought into this Colony by masters of ships and other vessels coming from infected 

S laces, which has proved of pernicious consequence to the Trade, and greatly en- 
angered the Lives of many or the Inhabitants of this Colony, and occasioned a very 
great expence to the Town of Newport in particular. 

** And whereas the Laws to prevent the same, by Reason of their great Number, and 
the various Occasions on which they were Made, are become perplexed and intri- 
cate*'— 

The first section repeals all laws heretofore made relating thereto, and declares that 
** the following rules and orders shall for the future be kept and observed." 

The first ana second enactments repeat, with but slight and unimpori4Uit differ- 
ence^ the portions of the law of 1711. The act of 1743 eiyoins — 

" That the Governor, Deputy-Governor, Assistants, Justices, and Wardens, as afore- 
said, be, and they are hereby, empowered and directed to send a Doctor or other suit- 
able Person to examine into and to make report to him or them, respectively, of the 
true state of such vessel and the people on board, at the charse of the Master or Com- 
mander of such vessel ; And the]Naval Officer is hereby forbid to clear out such vessel 
'til said charge (having been adjusted and settled by the Town Council of the Town 
where such vessel shall arrive) is fully satisfied and paid. 

*' That the Town Council of Newport, or other Town where such vessel shall arrive, 
be, and they are hereby, empowemi and directed forthwith to put on board such 
vessel some suitable Persons or Persons to secure said vessel and effectually prevent 
an V communication therewith, at the Expence of the owners. 

*' That the Town Council of Newport, or other Town as aforesaid, be and thev are 
hereby empowered and directed to connne on board said vessel, or send to some Pest- 
house, or other suitable Place, all Persons, Mariners or Passengers or others, that 
came in said vessel, for a convenient time, until such of them as have, or are liable to 
have, the Small-Pox, or other infectious distemper, are perfectly recovered and cleansed 
from said Distemper, or have passed a suitable Quarantine, and also all other Persona 
that have gone on board such vessel without Licence, as aforesaid, at the charge and 
expence of such Persons, respectively, and also all other Persons that came m said 
Vessel, until they have been Sufficiently aired and cleansed. 

^' That the Town Council of the Town where such Vessel arrives be, and they are 
hereby, empowered and dir<icted to appoint two meet Persons to take effectual, that 
all Goods, wares, and Merchandises imported in such vessels which they think liable 
to hold and communicate the infection belauded on some of the Islands in the Narra- 
gansett Bay, and exposed to the sun and air. and cleansed, not exceeding ten days, 
nor under six days, before they are permitted to be brought into any House, Shop, or 
Warehouse, other than where they are cleansed as aforesaid ; and when such goods 
are sufficiently aired and cleansed. Said Persons shall give the Owners or Possessors 



* The navftl oflloe wm Mtsbliahed In 1682. By an act of the general aMembly of that date the gor- 
ernor was empowered '' to appoint one or more naval offloers, in snch place or placee in this colony, as 
he shall think fit and needAu.^' Their dntiee were * ' to take entries of veaaeU, and in all thinga bekmg • 
ing to said office, to take care that the laws relating to navigation or customs and duties on goods and 
mercbandiie be only observed. *' 
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thereof a Certificate ; and the Town Council shall allow or order said Goods to be dfi- 
livcred to the owner or owners thereof; And the charge and expence of landing, 
airing, and cleansing such Goods, Wares, and Merchandizes shall be borne by the re^ 
spective Owner or Owners ; and all Goods that are judged bj the Town Council not 
liable to hold the Infection shall be delivered to the Owner or Owners without Delay 
and expenco of airing as soon as may be consistent with the Safety of the Town in 
regard Parts of the Cargo. And all Goods, Wares, or Merchandize imported into 
any town in this Colony by Land from any place infected with the Small -Pox or other 
Contagious Disti'mper shall be aired, cleansed at the discretion of the Town Council 
of such Town, and at the Expence of the Owner or Owners thereof. 

*' That all goods imported in such Tessel as aforesaid, that shall be clandestinely 
landed or brought into any House, Shop or Warehouse, without Certificate or allow- 
ance as aforesaid, or that shall be imported by land as aforesaid, and not cleansed or 
aired by order of the Town Council as aforesaid, shall be forfeited ; one-third to and 
for the Use of the Colony and the other two-thirds to him or them that shall inform, 
and sue for the same in the Inferior Court of Common Pleas in the County where Such 
otlcnce shall be committed ; and all Assistants, Justices, and Wardens are hereby em- 

Soivered and required, upon information given them, to seize and secure all snch 
Oods, Wares, and Morcbandize-s in their respective Jurisdictions, until leffal Trial. 

" That the Town Council of Newport, or otlier Town as aforesaid, be ana they are 
hereby empowered and directed to nx, settle, and adjust all Wages and Charges de- 
ninuded by Persons emi)loyed by them to secure such vessel, or to air and cleanse such 
Goods, or to attend upon, and nurse Such Person, as aforesaid. And that if any owner, 
freighter, or Mariuer, or Passenger as aforesaid shall refuse to pay such Wages and 
charges, so settled, adjusted and fixed by the Town Council, that then the Town 
Treiisurer of such Town is hereby empowered and reouirbd to sue for and recover sach 
Wages and charges if above Five Pounds in the Inferior Court of Common Pleas in 
the County where such Charges shall be adjusted and settled, and if under that Sam, 
then before anv two Justices or Wardens, as in the Case of other Actions. And the 
Judges of such Court where the Action is brought, are hereby empowered to tax 
double costs for the Plaintiff, any law, custom or usage to the contrary, notwith- 
standing. 

* * That for the better security of the Payment of what charges may arise on the Nnis- 
ing or Attendance upon any Sailor or Mariner belonging to such Vessel as aforesaid, 
the Master thereof is hereby required to stop payment of the wages due to such Mariner, 
until certified from the Town Council, that such charges are fully satisfied and paid, 
on penalty of payiug the same so far as the Amount of the Wages so paid by nim: 
Ana no court in that Colony shall make up Judgement for any such Wages, until 
Satisfaction be made as aforesaid ; And this Act Ming pleaded in any Court, where 
such wages, if sued for by such Mariner, shall be a temporary Bar of such Action. 
Any Law, Usage, or Custom to the Contrary notwithstanding. And the Master or 
Owner of any Servant or Slaves on board such Vessels, or the Persons to whom sneh 
Slaves are consigned, shall pay all Charges, arising by them, for their Noising and 
Attendance. 

'' That the Master of aby Ship or other vessel coming into the Harbour of Newport, 
who shall refuse to bring to his Vessel, when the Gunner of Fort George shall &• a 
shot at him, shall pav Ten Shillings for the first shot and Twenty Shillings for the sec- 
ond, and Five Pounds for every snot afterward, to and forthejiseof the Colony ; and 
three shillings to the Naval Officer as his Fee for receiving the same, who shall not 
clear out said Vessel till the Same is paid. 

'* That when the Small-Pox shall be prevalent in the Town of Boston, or in any 
other Town of New England, all Persons whatsoever (the Post only excepted) who 
shall come from such Town into the Colony, without remaining five davs on the 
borders of this Colony, shall forfeit for such Offense Five Pounds, to and lor the use 
of the Colony, upon legal conviction thereof before any two Assistants, or Jnsticesof 
the Peace, who are hereby empowered to hear and try the same, and also to send back, 
or confine said Offender in some convenient Place until the term of five days be ex- 
pired, after such Tryal and Judgement. And the Assistants, Justices of the Peace, 
or Wardens in an^ Town in this Colony, are hereby empowered to appoint proper 
persons at all Ferries or places that seem to them necessary, to examine on oath, or 
engagement, all persons suspected to trans^ess this Law, and on occasion to appre- 
hend and bring such Offenders before said Assistants, or Justices of the Peace, or 
Wardens, that they may be dealt with according to Law. 

'' That all Persons who keep Publick Houses, or Boarders in their Houses, shall im- 
mediately acquaint the next Assistant Justice of the Peace or Warden of the Town, 
wherein they dwell, when any Person boarding or lodging in their house is taken 
sick with the Small-Pox, or other contagions distemper, or suspected to be so on the 
Penalty of forfeiting Five Pounds to and for the use of the Town to be recovered by 
the Town Treasurer before any two Assistants, Justices of the Peace, or Wardens of 
said Town ; and the Assistant, Justice of the Peace, or Warden so notified is hereby 
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empowered and directed to make proper examination by some Doctor or other skilful 
Person, and if it be the Smail-Pos, or other contagious Distemper wherewith 
Such sick Person, is visited then immediately to set a proper guard to prevent the 
spreading of the infection, and to summon the Town Council of such Town, who are 
hereby authorized and empowered to remove said Person being an Inmate or Boarder 
in any house in any town in this Colony, to any such place in the said Town as they 
^all think the most proper to prevent tne spreading of the Infection, or to continue 
the said Guard as aforesaid, according as to them shall seem necessary, and likewise 
to confine all such Persons as may be by them suspected to have taken the Distem- 
per in some proper place till they are recovered and cleansed from the said Distem- 
per or have penormed a suitable Quarantine ; and all charges arising hereby, shall 
be adjusted, settled, and fixed by the Town Council, and paid by the Parties respec- 
tively concerned ; and upon his or their refusal, shall be sued for, and recovered by 
the Town Treasurer as aforesaid. 

'' That in case the small-pox shall break out in any house, or family in any town in 
the County of Newport, the Assistants, Justices of the Peace, or Wardens in said 
Town, together witn the Town Council thereof, be and they are hereby fully em- 
powered to remove any inhabitant of said town, visited with the Small-rox to the 
Pest House in said town, or any other convenient place in order to prevent the spread- 
ing of the Infection, or otherwise at their discretion, to place a guard round the 
Dwelling house of the infected Person as to them shall seem necessary. Any Law, 
custom or usage to the Contrary notwithstanding. 

''That so long as the Town Council of any town, shall think it fit to endeavour 
the preventing the spreading of the small-pox, no person whatsoever, under an v pre- 
tence whatsoever shall presume to visit any person suspected to have the SmaU-pox 
or to go into the house where suspected Persons are confined without a License first 
had from the Town Council, or from one Assistant or from two or more justices of 
the peace or Wardens of the town on the penalty of forfeiting for every such offense 
ten pounds in Money of the New Tenor ; one-half to and for the use of the Town 
where such offense is committed, and the other half to him or them that shall inform 
and sue for the same in the Inferior Court of Common Pleas in the Count>\ And 
such Persons on information of their offense, shall be liable to be confined till they 
are suitably aired and cleansed, or have performed a suitable Quarantine at the dis- 
cretion of the Town Council to whom complaint of the same shall be made. 

'' That any person and persons who shall be legally convicted of willfully andpur- 
I>osely Spreading the Small-Pox within this Colony, he, she, or they shall be adjudged 
to suffer the pains and penalty of Death, as in the case of felony, without Benefit of 
the Clergy. And all persons legally convicted of wickedly endeavoring to spread 
the same shall be sentenced to be whipped not exceeding thirty-nine lashes, and suffer 
six months' imprisonment, and be kept to hard labour. 

'* That it shall and may be lawful for any two or more Assistants, Justices of the 
peace, or Wardens in any Town in this Colony having reason to suspect that any per- 
son or persons have endeavoured wickedly and wilfully to spread the Small-Pox in any 
town of this Colony, to commit such Person or persons to nis Majesty's Gaol, there to 
remain till he, she, or they give good and sufficient Security to appear at the next 
General Court of Assize and General Gaol Delivery, and of their good behaviour during 
said time. Provided Nothing in this act shall be construed or understood to extend 
to such Practioners in Physick as shall be allowed by the Town Council to inoculate 
the said Distemper, after the said Town Council have thought fit to desist their en- 
deavours to prevent the further spreading of said distemper.'' 

An Act passed by the general assembly of his majesty's colony of Rhode Island, in 
August, 1747, modifving the mode of recovering the penalty consequent on the vio- 
lation of the act of 1743, and for defraying the expense of guarding houses infested 
with the small-pox. 

An Act In 1748 sets forth that the Small-Pox and other contagious Diseases have 
several times brought into this Colony by masters of Ships and other vessels coming 
from infected places, which have proved of pernicious consequence to the Trade, ana 
greatly eudangered the lives of many of the Inhabitants of this Colony, and occasioned 
a very great expense to the Town of Newport in particular. 

** Therefore be it enaotedj That no infected Vessel be anchored within one mile of any 
landing place under the penalty of sixty pounds; that no person shall come on shore 
without a proper license ; that a Physician shall be sent on board to examine the vessel 
and crew and make a true report of the same: that the Town Council of Newport, or 
other towu, shall have power to put a suitable person on board to prevent communi- 
cation; that the said Council shall have power to confine thei>€^le on board or send 
thorn to the Pest Houses, and that all Goods arriving in sucn Vessels shall be prop- 
erly aired and cleansed." 

October, 1748: *^ That all the expences incurred, in consequence of said vessels, shall 
be at the charge of the owners. 



272 REPORT OP THE NATIONAL BOARD OP HEALTH. 

** That all travellers coming fjx>m Boston or other town, when Small-Pox shall be 
prevalent there, shall remain five days on the borders of the Colony ; that all PenoDa 
who keep Public Houses or Boarders in their houses, shall report when any of th«ir 
Lodgers are taken ill of the Small-Pox or any other Contagions Distemper ; that in cases 
of contagious diseases, occurring in private Honses, the Town Council of the several 
townn shall have authority to send tue individuals so infected to the Pest Honse or 
other convenient place in said town ; that Physicians refusing to perform any duty 
required by the Authorities to prevent the spreading of the Small-Pox, shall for&it the 
sum of twelve pouuds." 

In October, 1751, the Hon. Stephen Hopkins represented the exposed condition of 
Providence with regard to the contagion of small-pox, and requested the ^rnuitof 
£(>()(> from the treaj^ury of the State for the establishment of a pest house in said town, 
which request waw granted. 

lu May, 17r>2, ** An act to prevent the small-pox from being brought into the colony 
by Htraugers and travellers coming from infected districts." 

In May, 1770. the general assemidy passed an act permitting inoculation for the 
sniall-tiox in this e(»louy: 

" Whereas the small-pox hath made the most dreadful ravages in the army lately 
before Quebec, which was the principal cause of raising; the blockade of that city, 
an«l there i.s tjreat danger that the inhabitants of the United Colonies may, by the 
prevalence of that distemiter, be rendered incapable of defense at a time when their 
witV'ty may dei)end upon their most vigorous exertions ; 

'* And whereas that distemper taken by inoculation is so easy and light, and the 
method of treatment so beneficial, that any number of persons inoculated are more 
likely to live than the same number of persons not inoculated ; and as by introducing 
the practice of inoculation, with prudence and caution, the greater part of the male 
inhabitants of the colonies may soon f^et over that terrible disease, and the fatal con- 
sequences to be apprehended from our armies being infected therewith be averted: 

'* Be it therefore enacted hy the general agvembly^ &c.. That one hospital may be estab- 
lished for inoculating for the small-pox in each county in this colony, in such town 
as the majoritv of the deputies in the county, in a meeting duly warned, shall agree 
upon. That tne hospital in the town which shall be so a^preed upon shall be fix^in 
some suitable and retired place in such town, under the direction of the town council 
or of such committee as the town shall appoint : Provided^ Then when such hospital 
shall be improved for that purpose, the town shall mark off the ground round said 
hospital at a distance not less than two hundred yards every way therefrom, and set 
and maintain a sufficient guard to prevent all persons in the hospital from going be- 
yond the limits, and all persons without from passing within one hundred yards of 
them without the permission of the directors or the hospital, upon the penalty of 100 
pounds." 

Particular attention was ordered to be devoted to airing and cleansing the clothing 
and beddinff of the patients, and proper penalties affixed to all violations of these 
onlers, whether arising from the carelessness of the attendants and the want ofproper 
care on the part of physicians, and the several towns were authorized to make further 
necessary regulations. 

In Septeniber, 1793, the town council of Newport, during the prevalence of the 
yellow fever, published extracts from the act of the State leg^ature to prevent the 
spreading of the small-pox and other contagious sickness in this colony. TSee New- 
port Mercury, Tuesday, September 24, 1793. ) Thus vessels infected with yellow fever, 
on coming from any port where that epidemic prevailed, were obliged to anchor one 
mile distant from a landing-place, under a penalty of £60. And public houses were 
warned against receiving travelers without timely and immediate notice to the as- 
sistants, justices, or wardens of the town. 

On the 21st of September, 1793, the Governor of Rhode Island, Arthur Fenner, esq., 
issued the following proclamation : (See Newport Mercury, October 1, 1793.) 

^^ Whereas a conta^ous distemper of the most malignant kind prevails in Phila- 
delphia and the West Indies, and unless every necessary precaution is taken to pre- 
vent its being brought into the State, the lives of the good citizens thereof will be 
greatly endangered : I have, therefore, thought fit to issue this proclamation, earnestly 
recommending it to the several town councils, to all other officers, and to the citizens 
of this State, to use their most utmost vigilance in causing the law. to prevent the 
introduction and spreading of the small-pox and other contagious sickneae, to be most 
strictly and punctually executed; more especially with respect to all vessels which 
shall arrive m this State from the West Indies, Philadelphia, and New York; there 
being reason to apprehend danger from the great intercourse between the last-men- 
tioned place and Philadelphia. And it is expected and reauired of all masters of 
vessels, and others, coming from the said places, or from any other place infected with 
any contagious disorder, that they observe the said law with the greatest exactness." 

An act was passed by the general assembly, in 1798, confirming the sanittoy laws 
enacted in 1743 and 1748, and authorizing the town councils to make regulations for 
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the preservation of the health of the inhabitants, and the governor to appoint health 
ofiiciTs in every port deemed by him necessary, in order to visit all vessels suspected 
of having contagion on board, and to carry into effect the provisions of this act. 

Acts have been passed in 1806, 1816, 18&, and 1840, by tne general assembly, con- 
ferriug from time to time on the town councils, or the board of aldermen in the sev- 
eral towns, sufficient authority to guard the people against contagious diseases. For 
the first century and a half the small-pox was the most malignant disease that in- 
vaded New England. Againat the invasions of this disease the legislature in recent 
years has taken preventive steps, by enforcing acts for thorough vaccination, as 
m January, 1840, and subsequently. With regard to the yellow fever and cholera, 
the town councils acted eMciently, deriving their authority from the ancient laws, 
given here, against smali-pox ana other contagious diseases. 

In January, 1850, Rhode Island passed laws to secure an adequate registration of 
births, deaths, and marriages on the recommendation of an authorized committee of 
the Rhode Island Medical Society. The secretary and a committee of the Rhode 
Island Medical Society were ordered to print the returns annually. On the establish- 
ment of the State board of health in April, 1878, the duties assigned to the secretary 
of state, &C.J of printing the registers, have been transferred to that body. Chapters 
75, 7(i, and 77, in the general statutes of Rhode Island, printed in Cambridge, 1872, 
contain the general laws passed by the State on quarantine, contagious diseases among 
cattle, and the registration of births, deaths, and marriages. 

State op Rhode Island, Executive Department, 

Providence, October 12, 1881. 
Dr. J. L. Cabell, 

President Xational Board of Health j Washington, D, C, : 

Sir : I have the honor to acknowledj^e receipt of your letter of the 10th instant, 
with inclosures, as therein stated, in re&rence to the quarantine limits of the city of 
Newport. 

I have sent to Mayor Slocum a copy of your letter for his information. I presume, 
the matter will receive prompt attention from him. 
Very respectfully, 

A.H. LITTLEFIELD, 

GotemoT, 



APPENDIX 7. 

Quarantine Station, 
Ship Uland, November 1, 1881. 
Dr. T. J. Turner, U. S. N., 

Secretary Xational Board of Health, Washington D, C. : 

Sir : In compliance with your request that I should furnish at my earliest conven- 
ience a detailed report of the operations at this station during the past season, the 
following is most respectfully submitted : 

Taking charge of this station on the 17th day of March last, I immediately began 
taking a complete inventor^' of all the government property in my charge, and on 
completion of the same a copy was at once forwarded to your office ; a careful exami* 
nation was also made of all the buildings here, and some recommendations, which 1 
considered of importance, are now a matter of record with the Board at Washington 

boarding of vessels. 

From the time of taking charge until this date — the time covered by this report — 
I have boarded all vessels coming to an anchor at the Ship Island and the quarantine 
anchorages, and herewith present a tabulated report showing the vessels so boarded 
by name, nature, the day of arrival, whether quarantined or not, and when quaran- 
tined, the amount of fees collected for cost of material consumed in purification. 
These several fees have been deposited with the assistant treasurer or the United 
States at New Orleans, and original receipts for the same forwarded to you as di- 
rected. 

It will be observed in reference to the tabulated report just alluded to that there 
were ten vessels placed in quarantine during the entire season, said vessels being 
fn>m Havana, Vera Cruz, Rio do Janeiro, and Aspinwall. 

The EmmaPayzant, fnmi Vera Cruz, arrived at Pensacola quarantine station about 
the 4th day of July, with sickness on board, which wjis pronounced by the quarantine 
physician at that station to have been yellow fever, and in consequence was dis- 
natched to this station for treatment, arriving here on the 13th day of July. During 
her stay at this station I treated ten cases wnich I pronounced yellow fever of mild 
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type, and tbe fact of the recovery of the entire number sives weight to my opinion of 
the type, or contradicts altogether any diagnoois of the disease; the latter doee not, 
however, by any means follow as a logical sequence, as it is now known that during the 
summer of It^TD there were more than the above number of cases attended at one bouse 
in the city, New Orleans, and all recovered, the type of the disease beins so mild as not 
to have been detected at the time by the attending physician. As I have already 
made a special report to you iii relation to the Emma Payzant, the sickness on board, 
and the treatment of the vesHel at this station, I will not dwell longer than to an- 
nounce the belief that I am reasonably certain that the master of said vessel at tbe 
time of her discharge from quarantine was perfectly aatisfled with the treatment 
which his family, the crew, and the vessel received at this station. 

The Dew, in consequence of having lost two men in rapid succession during tbe 
voyage from Aspiiiwall to Pascagouia, was, immediately upon her arrival at tbe 
Posoagoula quarantine station, dispatched to this station by tne quarantine officerof 
the former port, and arrived here July 23. While I could procure no absolute proof 
of infection on the part of this vessel, it was thought best to give the sanitary inter- 
ests of the coast the benefit of all the doubt in the premises, and the vessel was treat«l 
as though known to have been infected. After her discharge from this quarantine sta- 
tion she proceeded to Pascagouia and took on a cargo of lumber without further 
trouble. 

The Lotus haviug been reported as leaving Havana, bound for Mobile, with her 
captain and mate sick with yellow fever, on ner arrival just off the bar near tbe 
Mobile quarantine station, was spoken by the Mobile quarantine physician andor- 
dere<l to this station, arriving here on the 30th day of August. At the time of her 
arrival the mate had entirely recovered, and the captain was improving thouch not 
entirely recovered. The vessel was placed in the best sanitary condition possible at 
our hands, and after her discharge proceeded to Mobile and took on a cargo of lum- 
ber at the wharf, no other case of disease manifesting itself. 

The Ada Barton, just prior to sailing from Havana for this port, sent her captain 
to the hospital sick with small-pox, where he subsequently died with that disease. 
On the arrival of the vessel at this port the bill of health stated that the vessel had 
been fumigated and the crew vaccinated. She was detained at this station a suf- 
ficient length of time to complete twelve full days irom time of sailing f^m Havana, 
and no other case of disease presenting, she was thoroughly fumigated and discharged 
from quarantine. 

In addition to the vessels mentioned on the tabulated report as having been boarded, 
I have spoken a number of vessels entering Ship-Island Channel, bound for other 
ports, that are not included in said report. I have boarded all vessels coming to an 
anchorage at the Ship Island and at this quarantine anchorage, and have endeavored 
to speak all others entering the channel during the daytime. 

During the past season I have been compelled to decline to receive into the hospi- 
tal here surgical cases from the shipping, as well as to furnish medical or surgical 
aid, for reasons that will manifestly present themselves to every member of the Board; 
and in one instance my conduct in such refusal was severely criticized by the captain 
of the vessel on which the accident occurred. The resident member of the Board in 
New Orleans was thoroughly acquainted with all the details of this case, and it 
afforded me much pleasure to st4ite that my Conduct in the entire matter was indorsed 
by him in unqualined terms. 

QUARANTINE REPORTS. 

From the time of taking charge, up to and including Saturday, October 29, these 
weekly reports have been prepared and forwarded, as directed, to your office and to 
the resident member at New Orleans. These reports and miscellaneous correspond- 
ence has kept the honorable Board entirely posted as to the operations at this station : 
therefore this report can be but, *as it were, a repetition of the weekly reports and 
correspondence sJlluded to. 

INTERCOURSE WITH MAINLAND. 

So soon as it was reported that an infected vessel had been ordered from Pensacola 
quarantine station to this station, there were rumors of '' trouble ahead " in relation 
to our future intercourse with Biloxi, and that probably we would be cut off entirely. 
In order to forestall such a result before the arrival of the infected bark Emma Pay- 
zant the sloop Annie was dispatched to Biloxi for the purpose of attending to the 
requirements of the station in that quarter, and throe times a week the steamer ran 
over within one mile of Biloxi and anchored, from which x>oiQt an open yawl was 
sent out about five hundred yards and anchored ; the crew of the sloop, remaining 
All the time at Biloxi, then came out in an open yawl with iee, fresn meat, Ac, 
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plaeett the same in the open, empt;, auchored ykwl, andthen retit^, after wMohth« 
crew of the steamer vent out sad brt^tsht in the yawl and contents, and steamer 
retnmed ^ilh the same to the atatioa. TlieHe transfers were made in the open sound, 
and witbin siffht of all the people of Biloxi who came to witoesa them, so that theT« 
was occulor ^monstiation of the fact that there was no direct commnnicAtioii be- 
Iwceu the two crews. In mv opinion the maintenance nf intercoarse with mainland 
is largely due to this method of inuking tranafera. 

IMPROVKMBNT8 TO PBOPRR1T. 

Since March last two railroad oare complete have been placed on the track on 
wharf at the west end of the island ; a coal bin has also been constructed alonsaidft 
the land end of the wharf^ with an estimated capacity of two hundred tons ; the toun- 
dationa of physician'M residence have been bearded up to prevent the sand flowing 
ttoia the same; a kitchen bailt ia connection with said building, and an additional 
cistern iiloc^ in position near the same; a brick chimney has been constructed at one 
end of the pbysician's residence, and the room at that end ceiled to rentier it habita- 
ble in winter. Sand hille about the premises have been cnt down and the ground 
leveled aud inclosed with a suhstantiat wire fence. The hospital grounda have also 
been inclosed with wire fence and wharves constructed on both the hospital and 
lazaretto sides of the lagoon ) the grounds of the laseretto remain jet to be enclosed,, 
and all the cisterns require repainting, for which work material is alresdy on hand. 

The property of the service has been carefully looked after, and ia, I feel safe in 
asserting, in a good state of preservation, 

BMl-LOYfia. 

Daring the entire season it became neceassry to discharge but three persons — one 
for alcoholic intoxication, aud two for insubordination — though fi«qaent annoyances 
have Ihm^ii caiixed bj' employ^ retiring from the service of their own accord, nud at 
limes without any notice whatever. It occurs to the writer that the efSciency of the 
MTvice would be increased by shipping all persons to be employed on vessels fur the 
•soson, say from May to September, inclusive, instead of by the month. 

In conclusion, allow me to thank you, and through yon the honorable executive 
ittee, for promptness in attention to matters connected with this station, as 
as ft>r the conatuit support and contidence bestowed upon me. 
Most respectihlly, 

T. 8. SCALES, M. D., 

Sitperint€iidtnt. 
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AFPEVDIZ 8. 

REPORT OF OPERATIONS AT 8APBL0 QUARANTINE STA- 
TION, SEASON OF 1881. 
[De. W. H, Elliott, Supbsiktekdbt.] 

Instructions to open tlin Sapelo Quarantine Station were received April SI. Froni 
thi» time till the ITth of May was occupied in completing the improvements on the 
Gypay, in enffaring employ^, and pnTchaaino; Bupplies. The station WM reochod 
an the mth of Ma;, and was declared open &r the reception of vessels on the Slst, 
dui! notice beinz ftiventothemnnicipalaiithoritiea b; letter and to the public tbrongh 
till) Siivanuah Mominf: News. The public property and the grounds at the station 
w«re found in good order. The equipment station was pat in working order by erect* 
ill)! four teuta at the north end, two for employ^ and two an quarters for the well, 
mid sixteen tents lit the south end, four for hospital and tbcreAt as quarters. During 
the season eight temporary wooden stmctures were erected of the average capacl^ 
of a hospital tent. These were found nece«aary, as the tenta were, with two eioep- 
tioQH, lilnwQ down in the gale in August. Two of these buildings are located at the 
north end, and served as residence and kitchen for the sanitary police in oh&rge of 
the anchorage. 

EUPLOT^S. 

The number of employes at the opening of the station was seventeen. This num- 
ber was gradually increased to tweuty-sii, the largest number employed dnring the 
wasoti. The leant number was thirteen, and the average for the season was abont 
-sixteen. Of the seventeen engaged in May, only five remained to theclose of the sea- 
son : and of those engaged subsequently, eleven remained till regalurly discharged. 
Up to thelat of November there were fifteen dismissals for incompetency or miscon- 
■diict, and aixtecn departures; several of these being without warning or the conaent of 
the iuapertor. The freijueat changes in the pernonnel of those employed had a very 
injurious efl'ect on the morale of tlic force, and were a constant source of aniiety 
and nnnoynnce to the inspector. It was manifest that to most of them nfiitfaer a 
dclinite engagement nor the oath of ofBce had any power in restraining them from 
leaving or from misconduct requiting dismissal. liiileed, diamisaal was not renu^d 
.a u matter of any moment, while the judicious inllictiou of moderate fines luM a 
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Ing the rest of the summer and fall, this prevalence attributed in part to the clear- 
ing of underbrush and weeds^hus ex^osinff the soil previously sheltered to the sun 
in the long summer da^s. The clearing the preceding year had not been so exten- 
sive and was done later in the season. 

♦ 

VESSELS AT QUARANTINE. 

The American schooner Seth W. Smith arrived at the station August 21 from the 

?[uarantine station at Brunswick, where she had been lying six days. She sailed 
rom Bagiia le Grande on the 9th instant, with two officers, five crew^ and one passen- 
ger; total, eight. One of the crew was taken sick on the 10th with yellow fever, 
aiitl the other four on succeeding days; attacks being rather light. The vessel ar- 
rived at the Brunswick quarantine on the 15th instant. The captain failed to men- 
tion the sickness on board, which was not detected by the pilot or health officer, and 
this, too, in face of the fact that the bill of health certified that she left the port of 
Sagua ** in suspicion.'' 

On the 17th instant the mate was taken sick, and two days later the vessel waa 
onlered to Sapelo, where she arrived at sunset, August 21, with the mate in articulo 
mortis. At this time one of the crew was convalescing and the rest were well. The 
schooner was stranded by the gale of August 27 ; was gotten off with little or no 
damage, October 5, and was granted inime£ate pratique at Doboy, whither she pro- 
ceeded on the 8th instant. 

The British steamship Maharaiah arrived at Sapelo August 26, heing ordered 
from the Savannah quarantine, wnere she lay for one day. This vessel sailed from, 
Fort de France, Martinique, on the 17th instant, with twenty-one persons on board. 
Just before sailing three cases of sickness occurred onboard, believed to be yellow 
fever. Two of the cases were at once sent to the hospital on shore, and their lurther 
history is unknown. The third case died at sea on the 22d. This vessel brought a 
clean bill of health, which was retained by the authorities at Savannah. Two of the 
crew were taken sick off the bar at Tybee, and iiroved to be severe cases of yellow 
fever; nevertheless the pilot took the boat into local quarantine. For this action h& 
was sentenced by the municipal authorities to two weeks' detention at the quarantine^ 
and to pay a fine of |50. Two more cases occurred at Sapelo on the 2dth and 31st in- 
stant, respectively. All four recovered. This steamer was also stranded by the gale. 
She was gotten off September 6 ; left Sapelo on the 18th, and went to the Savannah 
quarantine, where she was detained twelve days by the authorities. 

The British barkeutine Caledonia, with eight persons on board, arrived at Sapelo> 
September 14. She sailed from Pointe ^ Pitre, Guadeloupe, August 24, with foul bill 
of health; eight deaths from yellow fever having occurred in the port and adiacent 
country during the week preceding her departure. She arrived at Brunswick Sep- 
tember 5, the loul bill neither preventing the pilot from taking her in, nor the health 
officer from allowinir her to remain at the quarantine. On the 8th instant one of the 
crew was taken with yellow fever. The vessel was immediately ordered to Sapelo, 
but the services of a tug to effect the removal could not be obtained till after a delay 
of five days. On arrival the case was convalescent, and no other cases of sickness 
occurred. The vessel was granted pratique on the 22d instant, and proceeded the 
next day to Brunswick, where she was allowed to proceed at once to the city. 

The Spanish bark Manuel, fourteen persons, sailed from Havana on the lOth of 
September, with foul bill of health. At the time of sailing one of the crew had symp- 
toms of yellow fever. Notice to this effect was sent by the National Board to the au- 
thorities of Brunswick. Pilots being cautioned, this vessel was ordered t-o Sapelo 
from off Saint Simon's Bar. She arrived the 20th instant, all well, and continned so. 
Prati(|ue was granted October 1. The vess<*l waited at Sapelo till the morning of the 
r>th for a tug to tow her to sea. She sailed early on that day and reached Saint Simon's 
Bar about 2 p. m. Shortly after, while in charge of the pilot, and in consequence of 
inc(»rrect orders from him, she went ashore on the south breakers, and went to pieces- 
duriiig the night, which was characterized by the highest tide of the year and a motl- 
erate gale. Two of the crew were lost. The rest reached the shore in boats. The 
pilot wjiH tried and deprived of his license, and the captain of the bark exonerated 
froui all blame in the matter. 

The British steamship Brinkburn, twenty-nine persons, sailed from Saint Thomas^ 
West Indies, on the 22d of September, with clean bill of health, dated 20th instant. 
On the night of the 2l8t the second officer was taken with yellow fever; was sick all 
tho voyage, though not confined to bed. The steamer arrived off Tybee and was. 
ordered to Sapelo; she arrived on the 27th instant. Two persons were taken sick, 
one on the 2Gtu and one on theniorningof the27th, with yellow fever, making four in 
all. They wer«^ removed to hospital immediately uik)u arrival, where the officer died 
on the 30th instant. The rei»t recovered. The vessel was granted pratique on the 
r»th of October; sailed on tho8th for Savannah, where she was ordered to Charleston 
by her owners ; arrived on the Uth, and was detained at quarantine sixteen days by 
the State board of health. 
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REMARKS. 

An examination of the record shows that five vessels arrived at the station. On 
looard of these were 82 persons ; of these 16 were taken with yellow fever at the port 
of departure or on the voyage ; 3 more cases occurred at the station, 1 ob the morn- 
ing of arrival, 1 after a lapse of two days, and the third five days after arrival. Of 
the 19 cases 3 died, 1 on the voyage, 1 two hours after reaching the station, and the 
third in hospital three days after arrival. In the remaining 16, 2 were put ashore 
before sailing, and the result is unknown. Fourteen made perfect recovery, five be- 
fore reaching the station. 

Results at the atation. — Ten cases treated ; nine recoveries ; one death. 

TREATMENT OF VESSELS AT QUARANTmE. 

The mode of procedure in regard to vessels at the station was as follows : 

The ship's papers and all persons on board were first examined. The ^ck were at 
once taken ashore to hospital, if their condition permitted. After an examination of 
the hold and other parts of the vessel, the preliminary disinfection of the vessel witii 
«ulphurous-acid gas was at once proceeded with. The hatches were left closed all 
night. Next morning the removal of ballast and the cleansing of the vessel was begun. 
Ah soon as access could be had to the limber strakes, they were raised, the bilge water 
taken out by hand-pumps and buckets until the lower floor of the vessel was dry and 
«ould be properly cleaned. Then the roof, sides, and all accessible parts of the hold 
•^vore thoroughly wetted by means of force-pumps. The most of the water thus thrown 
du was pumped out and the second disinfection performed with burning sulphur, the 
•quantity used being in the proportion of a pound to the ton in the case of the small 
A'CHsi'ls, which were of wood, and half that quantitjr in case of the large iron steam- 
*eTH. After the disinfection by means of sulphur, solid iron sulphate was freely sprinkled 
on the floor before the bilge strakes were replaced. 

The same metho<l was pursued in the cabins and other parts of the vessel, except 
tthat water was not so freely used as in the hold. Clothing was hung up on ropes in 
the cabins, was disinfected dry, and in many instances seriously damaged by the 
'treatuicnt. Particular personal attention was given to secure the thorough applica- 
'dtiuu of the gas to all bedding, clothing, and furniture of which cloth formed a part. 

Th4>. cleansing of the vessels was the most arduous part of the work, and was done 
»by the joint ettbrts of the crews and the employes at the station. In this portion of 
Ihis duties your inspector met with the hearty approval and co-operation of all of the 
njuisters at the station, with a single exception. 

The method usually employed for the combustion of the sulphur was as follows : 
The floor of the vessel was protected by iron or earth so placed as to prevent the over- 
flow of melted sulphur. The sulphur was then placed in lar^e iron buckets and air 
constantly supplied in the bottom of the bucket by means oi rubber and metal pipe 
connected with a bellows on deck. The forced supply of air caused the quick and 
thorough combustion of the sulphur and forced the gas into all spaces and crevices 
of the vessel. The process proved equal to ridding the vessels effectually of all ver- 
min. No case of yellow fever occurred in any persons or on any vessels after leav- 
ing the station. 

In regard to ballast, I have to say that no material difficulty was met with last 
•«eason, out in the absence of a wharf where new and unobjectionable ballast may 
be supplied, serious questions may arise. The two iron steamers were supplied with 
ballast, consisting of water and coal from England, both unobiectionable. The 
rschooner had only four cords of wood, which was removed and burned. She was 
^uilt to sail without ballast. 

The Spanish bark had clean, hard stone, taken from a quarry near Havana, and put 
•on boara by lighters without having passed through the city. With this stone was 
A quantity of detritus. This was condemned and thrown overboard. 

The ballast of the barkentine Caledonia consisted of clean, hajrd stones and clean 
.-sand. The sand was removed. The remaining stone proved sufficient to ballast the 
vessel after removal of the sand. Without ballast, these two vessels, which were 
rather crank, would have been unable to maintain the upright position, even in a quiet 
liarbor. Should the difficulty suggested arise, I can see no way of meeting it except 
ithe troublesome and expensive one of supplying ballast by means of a flat or light^. 

In concluding this portion of my report, I have to state that Sapelo quarantine sta- 
tion is heartily indorsed and highly appreciated by the authorities and citizens of 
ports protected by it. During the period of isolation from the presence of yellow 
fever at the station, valuable assistance in forwarding supplies was received from Dr. 
.James Holmes, health officer at Doboy. The certificate of tne inspector always proved 
^n immediate x)assport through the district under his jurisdiction. 

The following recommendations for the coming season are limited to such improve- 
ments to the efficient working of the station as can be made without permanent struc- 
tures on shore. 
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RECOMMENDATIONS. 

1. It is recommended that the oat on the route between the anchorage and the hos- 
pital be deepened snfflciently to allow the station steamer to pass at any time of tide. 
This cut was originally dag to the depth of seven feet below mean low water, bat, 
owing to the soft nature of the soil, refilled immediately afterward to one foot above 
low water line. The mud originally placed upon the margins of the cut is now suf- 
ficiently hard to hold the soft mud if placed on the outside of it. 

The necessity for this work will be shown by the statement that the steamer 
Gypsy, with a draft of only 3 feet, could pass through the cut for a period beginning 
three hours before high water and terminating two hours after, less than half of the 
time occupied in a rise and fall of the tide. The increase of work, loss of time, and 
inconvenience caused by this restriction upon the movements of the steamer and em- 
plov^s, need only to be mentioned to be appreciated. I mention that the cost will not 
exceed |l,UOO. 

2. In order to obviate the difficulties experienced during the last two seasons from 
the constant changes in the personnel of the employes, i advise that in future the 
employes be regularly ewarn in far the Beaeon; that one-half of the monthly pay be 
retained till the end of the season, and made by contract subject to deduction for 
misconduct. 

Should these suggestions be contrary to the regulations of the Treasury Depart- 
ment, the only other method of procuring faithful and efficient employes Known to 
the inspector ?8 by raising the rate of pay sufficiently to secure men of betterr average 
class than that heretofore employed. I remark in this connection that sailors have 
prov«^ more useful than other classea at the station, as many of them are acclimated 
to yellow fever and have the requisite training for cleansing vessels, &c., and also 
much of the work on shore. 

3. I think that much of the sickness which prevailed so generally at the station 
d urine: the last season was due in part to the lack of ice. This article was trans- 
ported from Savannah with great difficulty in limited quantities for the use of the 
«ick, but none was furnished to employes, nor was it possible for them to obtain it 
with the means at their command. It is believed that the free use of ice would con- 
duce ro the health and comfort of all, and in the event of the sick unexpectedly arriving 
would be had without the delay of sending for it. It is therefore recommended that 
n small brick ice-h(»nse be erected and stored at the opening of the season, and that 
ice be regularly issued. Estimated cost, $.500. 

4. 1 recommend that your inspector be authorized to ascertain if a steam tug can 
l>e found, which will serve the pur^wse of a general cuiarantine station better than the 
one now in possession of the board. The fact that tne shore equipment of the station 
is deficient in wharves, buildings, &c., renders a suitable steamer all the more nec- 
essarv' to the efficiency of the station. 

The Gypsy was uc»t built for the service, and was purchased only because the lim- 
ited time in which the stiition was inaugurated would not allow a search for a steamer 
better adapted to the work required. The experience of the past two years, but more 
especially of the past season, in the treatment of infected vessels, has demonstrated 
the following defects in the steamer : 

There are no adequate or comfortable quarters for inspector, crew, or sick. The 
vessel is devoid of limber-holes, has spaces which are inaccessible without destruction 
of etisential parts; the waste oil from the machinery cannot be excluded from the 
bilge water, and no amount of care and attention has proved equal to the task of 
keeping the vessel clean. With this cliaracter of steamer I have felt obliged to either 
convey the sick in long-boats or attend them on board their -vessels. Besides, the 
Gy])Ky was not construct'Cd for use in salt water. She has a high pressure without con- 
denser, and constant rare is necessary to prevent the destruction of the boiler. It is 
usuall V necessary to blow out steam and refill with fbesh water every time the steamer 
is used. The waste of steam by high pressure causes great consnmption of coal with- 
out c(»rresponding speed, the utmost attained so far being aboat eight miles an hour. 
For a quarantine service, where the distance from anchorage to hospital is several 
milcM, and where a steamer is the only available means ef obtaining supplies and 
keeping up communication with the outride world, a steamer is required which should 
be fa»t, built of iron, accessible in every part, and about sixty or seventy feet long, 
with fore and after cabins, admitting of^the isolation of the sick. A snrface-con- 
deuHiug engine would be much more economical in the consumption of fuel and 
adapted to use in salt water. 

Sboiild it be necessarv to retain the Gypsy in the service, I recommend that her 
prop«'ller, nidder, postahoe, and last half of shaft be made of composition, and that 
a steam-pump for throwing a stream of water al>oanl any vessel to be disinfected, ite 
added to her equipment. The guards built on last year render the steamer much 
more comfortable, but being open nndemeath are unduly exi>osed in a sea-way and 
render the vessel unsafe. Boarding underneath with what are known as spon^usy 
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would obviate the difficulty and improve the buoyancy of the steamer. In addition, 
Homc of the st-eam-pipeH require renewal. The change in the parts of the machinen 
ex)>ot»ed to Rait water is renden^d advisable by the destructive corrosive action whici 
the inutiil of the shoathiug has upon the iron. The shoe is nearly destroyed and the 
other ex})oe4cd parts of the machinery badly cornnled. 

The estmiated cost of improvements and advisable repairs to the Gypsy is |900. 

5. It in recommended that your inspector be authorized to purchase at the North 
boat^ and other material suitable for the use of the station, as these cannot be ordered 
satisfact'Orily by lett-or. The boats desired are as follows: 

Two boats, about 15 feet in length, suitable for l>oarding vessels, at a cost of |75 
each. Out^ long-boat, 20 feet long, for bringing supplies when the steamer is not avail- 
able, at a cost of Sli>0. 

There are also required six hand-pumps of various sizes for cleaning bilges. 

Six hand-bellowH for supplying air to sulphur-pots, and six iron buckets or pans for 
disinfection. Estimated cost, $100. 

Two steam-gauges, one head-light, two marine clocks, one needed for the Gypsy, 
and will cost ;S>0. 

It is believed that all of the above-mentioned articles can be bought of better qual- 
ity and at less cost in the large markets of the North than elsewhere, and that the 
pe^^4«)nal attention of your inspector to the details of construction and selection of 
materials will conduce to the proper equipment of the station. 

t>. I recommen<l that the publication in regard to the purposes and facilities, and 
directions for reaching Sapelo station, for which the data were furnished last year, 
be issued as soon as ]>racticable. And with a view t'O that end, it is suggested that 
the municipal authorities of the various ports be requested t-o make their quarantine 
rules and regulations at once, and furnish official copies to the Boanl for insertion iu 
the ])ublication. 

1 am satisfied that the majority of the masters of vessels do not know of the exig- 
ence of a natioual quarantine station at Sapelo, and the sooner the publication is 
made and disseminated, the better. 

7. I recommend that the Sapelo rules and regulations be presented to the State 
board of health of South Carolina (as that has not been done), and their indorsement 
retjueMted. 

8. As the authorities of the various ports in the Sapelo district declined to approve 
that orovibion of the Sapelo rules and regulations which requires that suspeoted ves- 
sels sliall be sent to Sapelo station, it is recommended that the clause relatiu|i; thereto 
be stricken from the rules prior to their publication . (See page 4, lines 13 to 15 mclnin ve 
of Sapelo rules and regulations. )> This action of the local authorities retains to them 
a« heavy respousibility whicb would otherwise rest upon the National Boai^d ; namely, 
the deeisiou of the difficult question whether or not a vessel should be admitted direct 
to local quarantine. As I do not believe that this responsibility is duly appreciated 
or the dangers of contidiug such questions to pilots are properly understood, I reoom- 
men<l that the National Board of Health issue a circular to the'mnnicipal authorities 
and quarantine officials of each port in the district, which shall state explicitly the 
opinion of the Board in regard to the dangers inherent In the system as now pursued, 
and shall effectually relieve the Board from any responsibility if yellow fever is im- 
ported directly through a local quarantine. The following draft of circular is appended 
as expressing detinitely the views of the writer : 

DRAFT OF CIRCULAR. 

The National Board of Health desires to call the attention of the municipal au- 
thorities and quarantine officers of the South Atlantic coast to what it deems the weak 
point in the system of quarantine as now administered in the Sapelo district under 
the combined action of national and local authority. 

As a part of the system inaugurated at Sapelo station, the National Board designed 
that all vessels coming from the yellow-fever zone from the 1st of May to the 1st of 
November should report first at Sa])elo station, and after examination and treatment, 
if necessary, proceed to port of destination ; thus making the general station at Sa- 
pelo serve as an outpost or advance guard for the entire district. 

As this feature of the pl.au was not approved by the municipal authorities inter- 
ested, the clause relating thorett) has been stricken from the rules and regulations for 
Sapelo station, and the responsibility of deciding upon the sanitary condition of ves- 
sels destiiied for this part of the coast has thus been voluntarily retained by the au- 
thorities of the ports. 

As the (luestiou whether a vessel shall be sent to Sapelo or admitted to local quar- 
antine must be decided outside the bar, the decision is necessarily confided to the 
pilots acting under instructions. For this difficult service these men have had neither 
education nor training, and besides are subjected to the loss of fees if the vessel is 
ordered to Sapelo. What with a judgment thus biased by self-interest and the well- 
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kuown disposition of masters to misrepresent and make light of any sickness or other 
circumRtances injurious to the sanitary reputation of their vessels, it is not to be ex- 
pected that all dancerons vessels will be excluded from local quarantines. 

The experience of the past season will show the correctness of this position. Of 
live vessels which were sent to Sapelo station in 1881, one was taken to local quaran- 
tine by the pilot, with bill of health marked " in suspicion," and after five oases of 
yellow fever hml occurred during the voyage. A second was admitted with clean 
l>ill, bat with one man sick, and after a death on board during the voyage. The in- 
fliction of a tine of $5 and two weeks' detention of the pilot at quarantine for dis- 
obedience of orders, had the salutary effect of excluding another vessel (5th instant) 
from this port with a case of fever on board. 

In a third instance a vessel was admitted to local <][^narantine with foul bill of 
haalth, but all well on board. The correctness of the bill was demonstrated by the 
occurrence of a case of yellow fever after arrival. 

In the fourth instance a telegram of warning from the National Board excluded the 
vessel from port of destination. 

Theory indicates the weak point of the present system, and experience shows that 
the danger of infected vessels gaining admission to local quarantines with the neces- 
sary risk of imparting the infection to contiguous ports is no inconsiderable one. 

Under these circumstances, the National Board of Health desires to call the atten- 
tion of municipal authorities to the serious responsibility resting upon them in thi» 
matter, and to suggest plain and more stringent regulations for pilots, requiring them 
to send all vessels to Sapelo in all cases of suspicion or doubt. 

Quarantine officers are recommended to send promptly to Sapelo all vessels which 
have improperly gained admission to their stations or been found in unsanitary con- 
dition. 



APPENDIX 9. 
YELLOW FEYE^^ AT KEY WEST, FLA. 

Report of Dr. 8. M. Be\uss, member of the National Board of Health. 

Ship Island, September 29, 1881. 

Sir : I respectfiilly offer the following report of my visit to Key West to " investi- 
gate and report in regard to the existence of yellow fever at that place " : 

I arrived at Key West on Wednesday, September 21. Meeting the health officer,. 
Dr. Lester, on board the mail-boat, I requested him to report my arrival to the presi- 
dent of the board of health and solicit an early interview. In accordance with thi» 
request. Dr. Plummer, the president of the local board, very promptly called, and 
a**ter a conference upon the subject of yellow fever in Key West and the objects or 
my visit, he told me that he would endeavor to get his board together and invite me 
to meet them and exchange views with them. On the following morning the invita- 
tion was received. 

I now visited the leading physicians in the place, in order to learn the precise facts 
regarding the existence oryelfow fever in the city. 

1 have examined the papers giving the history of the first three cases, and have to. 
state that no person at all conversant with the symptoms and mode of spread of this 
disease will for a moment doubt that these cases were correctly diagnosed as yellow 
fever. It occurred, however, that the local board of health dissented from this opin- 
ion, in regard to the first case, if not to all of them. They passed a resolution re vok- 
ing the authority vested in Dr. F. W. Lester to act as health officer. Dr. Lester had. 
very promptly reported the case to the National Board of Health, and it cannot be 
doubted that his removal from office was in consequence of this fact. This action of 
the local board awakened so much distrust in places having commercial relations 
with Key West, and such severe criticisms from the press of other plaees, that, after 
a week or two, the board thought it bett^er t^ restore Dr. Lester to his former posi- 
tion. In justice to Dr. Lester, it should be stated that the second and third cases 
occurred during the interim of his suspension from office, and this is why these ctwes. 
were not officially reported by the health officer of Key West. 

Tlie local boanl also thought proper to .'ulopt the policy of appointing a committee 
of cxportA, to be chosen by their presidimt, who should determine whether Ambrose, 
the Hi-st victim to the disease in Koy West this year, did really die of yellow fever or 
of some other disease. 

1 have also to report that upon the day of my arrival at Key West, Dr. Harris, one 
of the leading practitioners of the town, asked me to accompany him to see a patient 
whose case he liad officially reported as one of yellow fever. The patient was almost 
moribund when I saw him, an(l, basing my action upon the judgment and experience^ 
of his medical attendant, I telegraphed the case as the fourth one which had occurred 
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in Key West thif> summer, to the dat€ of my visit. No case was known toeziBtapoii 
the island at the time of my departure. 

Purrtutmt to agreement, I met the local board and a number of the leading citiMoi 
of tht^ place, and exphiinetl the i>olic>^ and methods which I considered best cales- 
luted to Hccure a 1»etter sanitary condition of their popnhition. The city has no finim- 
cial reiM>urce8 or funds which might enable it to put into operation any efficient sew- 
erago system. While a large portion of the island is sufficiently above tide-waterto 
make an undorground system available, the contrary is true in respect to a very eon- 
siderablo portion of the town. Surface drainage is the only method employed to rid 
th<» town of sewage filth. This must always be objectionable in latitudes and locali- 
tif's when} frecjuont rains and torrid heat favor noxious exhalations. But even thii 
niethiMl Ih very poorly executed in Key West. The streets are badly irraded, aid 
-jtoolH of water are met with in a majority of them. If there are ordinances requirinf 
the removal of garbage and nrivy accumulations, they are not properly enforced. It 
may ho further stated that the dwelling-houses in Key West are not oonstmcted with 
r<*f(*nMire to the Hanitary well-being of their occupants. They are for the moat part 
constructed of wood, without chimneys or any provision for fires. In a great many 
instances the weather-boarding is badlv, if at all, protected by paint or whitewMh, 
and th<' process of <lecuy is a^t^mishingly rapid in the almost perpetually alternating 
rains and sunshine of this locality. 

But these treapasHes against ordinary sanitary precepts have, in all probability, leu 
t<» do with the occurrence of yellow fever at Key West than other circnmatancesnow 
to be enumerated. Key West must be looked ui)on, in any sanitary senae, as one of 
the most ini)M)rtant ptiints within the boundaries of the Union. It is, as it were,! 
Hanitary outpost where epidemic invasion is continually threatened. Itsprincipil 
trade is with Havana, and the citizens are remarkably sensitive in regard to anvm- 
teiTuption of this traffic. I found a great deal of misapprehension and unfounded op- 
l>ositi<»n to tlie National Board of Health, on account of the alleged fact that an io- 
.spector sent to Key West by the National Board ha<l stated to the citizens that the 
only means of keeping out yellow fever was by ^he abandonment of all trade with 
Cuba, and that the National Board favored such a course. It would, in my opinion, 
be extremely unwise to attempt to place inhibitory restraints upon commerce betwfon 
Key Wi>st aiid the West India Ishinds. The passage is so short, and the opportunitiM 
to evade s<»vere iinarantinc rt».8trictions so facile, that too stringent rules would in all 
lu'obahility result in evil instea<l of ^ood. In my opinion a skillful inspection of all 
• vessel**, persons, and material arriving from infected ports is more Ukely to prove 
etHcacious in preventing the importation of yellow fever than quarantines of mere 
♦letentiiui. 01 course those engaged in this service should have authority to hold 
snsjjected vessels, persons, or material under observeration sufficiently long to prsc- 
tice the most thorough cleansing and disinfection, and if uuacdimated persons be 
found among the crew or pivssengers, sufficiently long to terminate tiie nsnad period of 
incubation of yellow fever — say live days. 

But whatever methmis of prevention'or quarantine naa^ be adopted, there is con- 
tinual danger that yellow-fever cases will occur in Key West. Some of the citizens, 
and jierhaps some of the physicians, believe the disease either to be indigenous orpe^ 
nianently domiciled there. But this theory, which has been often applied to othsr 
]>ortions of t\w United States, melts away and becomes untenable wherever proper 
means of prevention are employed. I kiiow of no reason in the sanitary history of 
Key West furnishing grounds for a belief that it is an exception to this statement 

I think I hazard nothing in saying that when a case of yellow fever occurs in Key 
West the greatest obstacle in the way of attempts to stamp it out is found in the diffi- 
culty of securing prompt and competent isolation. Prequent contact with yellow 
fever seems to render people utterly indifferent to it, in so far as it ooncems them- 
selves, and they are prone to lose sight of the worst charaCt'Cristic the disease pos- 
sesses— its spreading natui*e. No restraints were fixed against visits to Ambrose's 
room aft^r his physicians had pronounced the case to be one of yellow fever. Indeed 
it was affirmed in my presence that when the president or the local board questioned 
the (llagnosis, ho invited non-professional persons to visit the case and give their 
opinions of its character. The same lack of proper precautions regarding the body, 
clothing, and surroundings of the patient was contiuue<l after his death. These cir- 
cumstances are not mentioned in a censorious spirit, for the ^)reventability of yellow- 
fever epidemics is too recently established as a fact to justify censure against those 
who may never have witnessed well-directed and practical eftbrts to prevent*the8prf>ad 
of the disease. 

I found quarantine enfonred verjr strictly against Key West by most of the Gulf 
towns. The cases were located quite a distance from the shipping. Their number 
and situation were not such as to justify such stringent qimrantines, if all the boards 
of health of these various places, together with that of Key West, had been working 
harmoniously under the rules of the National Board of Health, or ui>ou any uniform 
and well-adjusted system. 

There was au apparent lack of contidence in the candor of the local boaidi and 
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wherever this exists imagination and mmor are liable to picture matters tenfold 
worse than the reality. If the local board, in similar emergencies in future, adopt 
the inspection system under the supervision of the NationalBoard of Heath, Quaran- 
tine against Key West may bo avoided, while the interests of public health shall suffer 
: mo detriment. One, or at most two, well-experienced and vigilant inspectors should 
liave been able to prevent the transportation of infected persons or material from Key 
West to other points as effectually as it was done in Tennessee and Louisiana in 1879. 

Communities which establish quarantine restrictions against other places are too 
^ often accused of hostile feelings and intentions. I found nothinsr of the sort in Flor- 
ida, but much apprehension — probably more than the facts Justified ; but the point 
of trouble at last was a doubt whether all the facts were g^ven into their possession. 

The eircumstances at Key West were not such as to render it 'proper or necessary 
fbr the National Board to offer aid. Up to the present time the local board has not 
Asked or in any manner invited the co-operation or aid of the Nationfd Board. I, how- 
over, gave an assurance to the local board that the National Board would cheerfully 
snd promptly comply with the law whenever in the future its aid and co-operation 
should be formally solicited. 

Key West has a delightful climate^ and a location which, under proper sanitary 
measures, should give it great immunity from those diseases which do not, like yellow 
fever, follow the chanDels of commerce and human intercourse. Wisdom and care 
in the selection of persons to serve on her boards of health ; wisdom^ vigilance, and 
care in preventing the introduction of infectious diseases, and in arresting their spread 
if cases do occur, and the utmost candor toward her neighbors must insure her pros- 
perity in the future. 

Very respectfully, S. M. BEMI88, 

Member of the National Board of Health, 

Dr. T. J. Turner, Secretary, 



APPENDIX lO. 
REPORT, RIVER INSPECTION SERVICE, 1881. 

Dr. F. W. Reilly, Superintendent, 

Office of the Superintendent, 

River Inspection Service, N. B. H., 
Memphis, Tenn,, October 15, 1881. 

Sir: In accordance with telegraphed instructions from the secretary, April 26, the 
Mississippi River inspection service of the National Board of Health was resumed for 
the season of 1881 by the assignment, on May I, of Inspector S. H. Collins to duty 
at Vicksburg, Miss., and of Inspector W. B. Winn at Memphis, Tenn., under the rules 
and regulations of the previous season. The stations at Bayou Sara, La., and Cairo, 
Dl., were not included in these instructions, and nothing in the health conditions of 
the valley occurred during the season to warrant their re-establishment. Inspections 
were at first ordered to be continued until June 30 only, but this was subsequently 
modified so as to continue until September 30. 

During this period, beginning May 1 and closing September 30, a total of 1,203 
craft of all descriptions, carrying 42,401 persons — passengers, officers, and crews — 
were inspected at the Vicksburg and Memphis stations, being an increase of inspec- 
tion at these stations of 373 vessels and 5,621 persons, as compared with the season of 
1880. Following is a detailed tabular statement of inspections : 

Tabular statement of inspection$. 



Lupections. 



PaDsenger and flreight packets 

Officers and crews on same 

Panseugers on same 

Tow-boats 

Officers and crews on same 

Barges, flat-boats, Sc4i 

Total 

Tonnage : 

Passenger and freight packets 

Tow-boats 

Barges, flat-boats, Sec 

Total tonnage inspected — 



At Memphis. 



149 

9,080 

10,977 

61 

1,997 

427 



At Vicksburg. 



142 

9,230 

9,372 

53 

1,73« 

871 



22,700 



141, 822 67 

27,442 11 

316, 074 47 



20,904 



202,026 24 

23,929 83 

234, 574 83 



485,839 25 



460,530 90 



Total. 



291 
18,319 
20,349 

114 
3,733 

798 



43,604 



343, 848 91 

51,371 94 

550,649 30 



945,870 LS 

V ^ 
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KESrLTS OF INSPKCTIOXS — SANITARY CONDITION OF BOATS — HEALTH OF PER80X9. 

Although at the beginning of the season the inRi>ections disclosed some defe<^t8 ia 
the siinitury condition of veHsels, there was found a marked improvement in thi« r- 
»\wct UH compared with their condition at the opening of the previous season. It ii 
ovidont thut the work of the service in this direction is permanent. There is aeon- 
tiniiouH att<'ntion now paid throughout the entire year to the cleansing and pnrifiei- 
lion of holds and bilges, to the policing of d('ck-r(M>niB, crews' quarters, water-cloMti, 
&v., and to the general sanitary policing of the vessel. With the exception of an 
occaHional admonition concerning a foul bilge (only two instances reportea), the cooh 
])ulHory destruction of one lot of filthy diHik-hand.s' be<lding and one dirty crewrf 
\vat('r-clotH*tt ordered cleansed and disiiifected, there was found nothing objectionabk 
in the condition of any of the regular passenger and freight packets. Three tow- 
hoatM n^quired the bilge pumped out and holds disinfected, and six barges paM«d vp 
with decomposing grain under the dunnage and in the limbers. AH reasonable effurt, 
however, seemed to be made to comply with the refjuests of the inspectors, and evfr; 
fiu'ility was afforded by the officers for securing thorough inspections. Oc^asioiud in- 
HtanccH occurred (eleven in all) in wliich boats cleared from New Orleans without noii- 
fying the inspectors at that port, and, con84>quently, without being inspected; and in 
whicli both barges and inhabit e<l dat-boats were added to tows in that port after the in- 
Hpector had completed his inspection and furnished his certificate. In all such caM 
a thorough primary inspection was made on arrival at the first station (yioksborg), 
and the facts were duly noted ou the certificate. No boat is believed to have pasm 
beyond the Vicksburg station the condition of which, either in persons onboard, 
cargo, or belongings, oftered any menace to the public health. 

The morbidity hgures do not vary materially from those of the previous season, 
when 118 cases of sickness were found amon|; the 82,045 persons inspected at Nev 
OrloauH, Bayou Sara, Vicksburg, and Memi^his, being in the ratio oi 1.44 perthoa- 
sand. This season HI cases were found among 42,401 persons inspected at Yicksbnri; 
and Memphis only, a proportion of 1.43 ])er thousand. The gravity of the cases, how- 
ever, seems to have been greater in the latter than in the former year, since in IM) 
no deaths were rejiorted as coming within the purview of the service, while dnring 
the season just closed there were three <leaths en voyage and two at the statioiu. 
Following is a table of the sickness reported, together with the number and caoM 
of tleaths: 

Ditteases. CaM*. 



MHlariiil fovern, remittent uud intennitt<»nt* 

Malaiial toxtvinia 

( 'oi tfeHtivt* malarial ft»vort 

Tyjmoid fo ver* 

Jaundice 

I>iarrlMKa, ai'uto 

Diarrha'a. chruuic 

J ) Vrt<-utorv 

cholera niorbuH 

Cholera infantum 

ConHun)f)tion§ 

l^aryuKitirt, chronic 

Alcoholism 

Unknownll 



Totol 61 



* One death from remittent malarial /ever duriog voyage ; body transshipped at Memphis for Lom** 
villc by rail. 

fTwo deatliH from congetitive malarial fevfr ; ono dnring voyage, buried on the river bank abort 
. (ireenvillc, MIhh. ; one at Meni]>hiR InHpoction station, forty hours after receptfon ; buried at the its* 
tiou. 

*Oue death from tt/phttidfrrer on sixth day after reception at Memphis station; bnried at atation. 

Mine death from conbifmptioii ditrin<: the voya^o, below Vicksburg, and body landed at tiiat port. 

II " Unknown," one man miRHiuu from boat on arrival at Vioksbnrg station ; reported to have be«B 
pur ashore sick at On'tua. La., oppiisit*' New Orleans. 

In U4lditibn to the foreiroinu there were found "on iNiard" one corpse, with certificate from tbeX«ir 
OrleauH iuMi^'ctor : cause of death. "entero-oolitiH"; <>ne from Helena. Ark., witb permit from Mem- 
i)hiH b<»ard of lieiilth ; cause of deatli. "dyseuterv"; and ono from Walnut Bend. Ark., Tefnrred to 
Memphis b<iard of health ; cause of death not slated. ' 

SICKNKS.S AT THE STATIONS. 

Owing to the high stage of wat«;r in the Mississippi on the 1st of May it was found 
imx)ructicahlc to establish the stations ov shore in the localities previously occupied. 
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inspections were therefore made until May 17 from the wharf-boat at Vicksbarg, and 
mntil May 25 at Fort Pickering for Memphis, during which periods the inspectors and 
^mploy^s were quartered on the hospital barges. On the above dates, respectively, 
'tte permanent stations were occupied, but the sites proved unhealthy, and neither 
station was free from sickness at any time during the season. Inspector Collins was 
'Mnt attacked at the Vicksburg station, and was relieved by Inspector Winn on the 
Tth of June, Collins being transferred to Meinphis. His illness continuing, Dr. Col- 
Bub resigned June 20, and was succeeded by Dr.' H. S. Ashe, of Memphis, appointed 
Inspector June 21. On the 28th of June Dr. Winn was prostrated, and was removed 
to the city hospital at Vicksburg, Inspector Ashe being sent to fill his place, while 
the superintendent took charge of the Memphis station until the arrival of Dr. Fay- 
ette Dunlap, of Danville, Ky., appointed inspector July 1. Inspector Ashe, who had 
already contracted malarial fever at the Memphis station, was seized with congestive 
ehills soon after his arrival at the Vicksburg station, and continued to suffer from 
intermittent malarial fever until so far incapacitated for duty that he tendered his 
xeeignation on the 15th of August, to take effect on the 3l8t. August 15 he was 
relieved by the superintendent, who took charge of the Memphis station until the 
jretum, September 1, of Inspector Dunlap from below, the Vicksburg station on that 
iXate being placed in charge of Dr. Rudolph Matas, of New Orleans, appointed in- 
spector August 24. No further changes were made during the remainder of the sea- 
eon, but Dr. Dunlap was attacked with malarial fever immediately upon his arrival 
»t his home in Kentucky. The frequently-recurring^ disabilities of the inspectors at 
the Vicksburg stations caused a few days' suspension of inspections at tnat point 
daring the latter part of July, but they were resumed August 1, and continued there- 
after uninterruptedly until the close of the season. Not a single employ^ altogether 
escaped illness at either station during some portion of the season, the sickness be- 
ing almost exclusively confined to the malarial fevers. 

THE SANITARY FLEET. 

There have been added to the sanitary fleet since the close of last season three new 
hospital barges and one disinfecting barge. The hospital barges consist of substan- 
tially-constructed hulls 72 feet long, 20 feet beam, and 3 feet depth of hold, with 
four-foot guards all around, making the available deck surface 28x80 feet, or 2,240 
square feet. Upon this deck is a hospital ward 20x45 feet, with accommodations for 
twelve patients, giving to each 75 square feet of floor space and 900 cubic feet of air 
space. Though below the minimum air space for hospitals on shore, this is believed 
to be ample for these isolated wards, which are open on all sides and are ventilated 
by 10-inch openings at the floor and eaves, extending entirely around the wanl, and 
by a four-foot sky-light, with pivoted sash, running the full length of the room. In 
addition to these provisions are two ventilating shafts in each ward, extending from 
the hold through the roof, so arranged as to be operated by the heat from stoves (in 
suitable weather), and calculated to thoroughly ventilate the ward independently of 
other means. As a measure of precaution in the case of delirious patients, all wiH- 
dows and doors are securely protected by heavy wire screens. The wards are fur- 
nish«^d with iron-fr^me hospital-cots, woven-wire bottoms, 36-inch cotton-top mat- 
tresses, and all other necessary appliances. Provision is also made for the isolation 
of apy desired number of, beds without obstructing light or ventilation. At the for- 
ward end of each barge, on the port side, is the nurses' room, and on the larboard 
side in the kitchen, while at the stern, on the port side, are the dispensary and store- 
room, and on the larboard side are the bath-room and water-closet. The roof of the 
ward is protected from the sun by heavy canvas awnings, and similar protection is 
furnished for each side along the guards. A proper equipment of anchors, lines, 
pumps, hose, d^c, is also furnished. 

The disinfecting barge consists of a hull 16x48 feet, with 3 feet depth of hold. An 
attendants' room and store-room ^combined) is situated forward, and the large iron 
disinfecting tank, formerly carried on the steamer Benner, is located in the roofed 
space amidships. A suitaule boiler for generating steam for this tank has also been 
provided. Commodious bunkers for the storage of coal, disinfectants, &c., occupy 
the hold. 

The hospital hulk, J. W. Vanzaiit, has been brought down from Cairo, and is now 
moored with the rest of the fleet at Fort Pickering. This hulk has been thoroughly 
overhauled and repaired, and the framework for a large hospital-ward and the neces- 
sary offices has been erected, ready for bulkheading and roofing. For the present 
the ])oat is beinc used for storage ])urposes. 

The sanitary fleet now embraces — 

One sanitary patrol steamer, the H. H. Benner; 

Three steam launches, the Lookout, Picket, and Sentinel ; 

Three hospital barges ; 

One disiniecting barge ; and 

One sanitary store-boat, the J. W. Vanzant. 
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Upon this fleet is now stored all of the property of the National Board of Health in 
tho MissiHHippi Valley north of New Orleans, except one hundred and fifty baireUof 
sulphur at Cairo, III.,* and certain articles at Jackson, Meridian, and Concordia, MUs., 
winch were distrihuted to thos*^ fijacesdnring the epidemic of 1879. At this date the 
Rulphur iN being st-orcd in the basement of the custom-house at Cairo, through thfl 
I'ourtcHy of the. Hon. George Fisher, surveyor of customs at that port, and the n- 
niaining articles, in accordance with the instructions of the executive committeeman 
being shipped to the sanitary fleet, for storage, under the supervision of Dr. \Virt 
JohuHttui, secretary of the Mississippi State board of health. A detailed report and 
inveatorv of tho property now stored at Fort Pickering was forwarded to the Secre- 
tary's ofl&ce on tho 30th ultimo. 

PUBLIC CONFIDENCE IN THE SERVICE. 

CauHi^ for congratulation is to be found in the substantial absence during the jiagt 
seaMon of alarming rumors and consequent excitement and interference with trayel 
and trnfllc. The only occurrence worthy of mention in this connection was the sick- 
nes8 on a towboat which arrived at Memphis one Sunday afternoon in July. 8he 
hud Mcveral cases of malarial fever on board, and had lost her second engineer &im 
the same cause just before arriving at- the inspection station below the citv. The 
landing of this corpse for transshipment to Louisville, and of three of the sick men 
for hospital treatment, caused considerable gossip among the idlers on the levee and 
the 8treet~<;orner quidnuncs; and before nightfall a well-developed ** yellow fever 
scare" threatened, which, however, was promptly arrested by the publication of the 
following oflicial statement: 

[Official.] 

Memphis, July 11, 1881. 

The towboat John A. Woods, which arrived at this port last evening, had four men 
on board sick with intermittent fever, and one convalescing from the same. One 
man died on Saturday iii{^ht. This man, Thomas Knnkle, had been sick between 
live and six weeks. The history of the case and examination of the body point to 
remittent fever, without proper treatment and care, as the cause of death. 

There is absolutely nothing in the case of this boat to warrant any saspicionof 
contagious disease. If there had been any doubt as to the nature of the sickneM on 
board she would not have been allowed to pass the station at President's Island. Her 
sanitary history is known and a matter of record during the entire trip. 

Notwithstanding our confidence in the vigilance and competency of tne in^ecton 
below Vicksburg and at President's Island, the undersigned verified the certincate of 
inspection and its indorsements by personally boarding and examining this boat and 
her people as well as the dead body, after she was moored at the coal fleet above the 
city. 

Anv statements or representations conflicting with the above are false, and their 
circulation is mischievous, if not malicious. 

G. B, THORNTON, M. D., 

PresidcHt Board of Mmlik, 
F. W. REILLY, M. D., 
Superintendent River Inspection iSerrioe, Xational Board of HeaUh. 

Of course, there have been some rumors and an occasioiml telegram, stating that 
yellow fever was reported at such and such a place, and asking particulars. The 
reply from the superintendent's office to such queries has, in every case, been accepted 
as conclusive ; and it is believed that the various communities in the valley place the 
most implicit contidence in the vigilance and efficiency of the river inspection service. 

Cordial co-operation and assistance have been extended to the service and its offi- 
cers by the health and municipal authorities along the river, as well as by the vari- 
ous State boards of health. This is also true, with hardly an exception, of the masters 
and others officers of boats upon the river. These have, as a rule, evinced a oheerfiil 
desire to comply with the requirements and regulations, and have readily acc^ted 
and acted upon the suggestions or advice of the inspectors. Substantial appreciation 
of the service has been especially manifested by the management of the various 
Anchor lines of packets of the Saint Louis and Mississippi Vallej^ Transportation Com- 
pany, and of the Brown & Jones Coal Companies, which organizations have in many 
ways facilitated the work of the service. 

The labors and responsibilities of the superintendent have been- materially light- 
ened by the counsel and advice of the resident member of the board at Mempnis^Dr. 
R. W. Mitchell, to whom the existence and success of the river inspection service are- 
so largely due. 

I have the honor to be, sir, very respectfully, your obedient servant, 

F. W. REILLY, M. D., 
Superintendent Biver InepecUon Serviee, 

Dr. Thos. J. Turner, U. S. N., 

Secretary National Board of Healthy WMhington^ D, C, 
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APPENDIX 11. 

REPORT OF STANFORD E. CHAILLA M. D., SUPERVISING 
INSPECTOR NATIONAL BOARD OF HEALTH. 

Office of the Supervising Inspector at New Orleans 

OF the National Board of Health, 

JVeic Orleans, La,, October 12, 1881. 
Dr. T. J. Turner, 

Secretary National Board of Health : 

Sir : Experience has amplv proved tliat New Orleans is pre-eminently liable to 
receive anu to disseminate tlie infection of yellow fever, and, since this city is the 
fifth port in the United States in respect to the amount of its shijfping, and probably 
unsurpassed in the number of its river-craft, it is of great importance in reference to 
all portable diseases. For these reasons I have entered into the consideration of more 
numerous details and at greater length than would otherwise have been deemed 
desirable in such a report as the one now respectfully submitted. 

Appoiuted March 3, 1881, and assigned to duty April 26, my general instructions, 
dat«d April 28, were received May 2, and published for the information of the public 
May 4. Before considering these instructions, with the measures adopted for their 
execution and the results thereof, it is necessary, for their appreciation, to record 
the official history of sanitary matters in New Orleans for a few months prior to th& 
issue of these instructions. This historical recprd will also throw light on the ques- 
tions which have given rise to differences of opinion in regard to the administration of 
Bauitary affairs in the State of Louisiana. 

The following three questions may be thus stated : 

First. Shall suspicious cases of yellow fever be promptly reported to the exposed 
neighboring States, or shall all suspicions be suppressed until the State board has 
^ven official assurance of the unquestionable existence of yellow fever ; and, as an 
indispensable sequence of this question, this secondary (question follows : Shall other 
States be permitted by Louisiana to have a representative acceptable to themselves 
located in New Orleans, and provided by the State authorities with every attainable 
facility to procure the information necessary for him promptly to warn those whom 
he represents of threatened danger, thereby enabling them to adopt such measures of 
self-protection as they may see tit T 

Second. Shall other States be permitted by Louisiana to have their own repre- 
sentatives to give them timely information of both present and future risks of infec- 
tion located not only in New Orleans but also at those State quarantine stations- 
which are the danger outposts of adjacent States as well as of New Orleans T 

Third. Ought Louisiana, regardless of the reasonable fears and expressed wishes of 
neighboring States, to persist in allowing infected vessels to enter the Mississippi 
River, thereby endangering many vessels and persons, before said vessels have been 
disinfected at the Ship Island quarantine station provided by the National Board of 
Health as a refuge for all such vessels destined to any of its acyacent ports T 

I.— Historical record from September, 1880, to april 28, 1881. 

In respect to the public notification of the existence of yellow fever in New Orleans, 
the Louisiana State board has pledged itself several times in such terms as it did on 
September 23, 1880, when it was ^^Sesolved, That as this board ^d^eoUmnly pledged iU 
tejf to promptly communicate to the countiy the existence within our citv and State 
of any epidemic or contagious diseases, it requests the press of the United States not 
to attach any credence to any report in relation to the public health of our city or 
State that does not bear the official sanction of this boara." 

It is not believed that history can furnish a single instance in which similar pledges, 
by the authorities of any habitually infected place, have ever had the effect above re- 
quested or have ever secured the confidence of adjacent communities occasionally but 
not habitually infected. In this instance there was ample evidence that the neigh- 
bors of New Orleans would not be satisfied with anything less than an ageut located 
in New Orleans to represent them there, and by timely warning enable them to pro- 
tect themselves from its infection. On December 9 and 10, 1880, the " Sanitary Coun- 
cil of the Mississippi Valley,^ then in annual session at New Orleans, gave to this 
view the following expression : 

''Whereas our people habitually view with distrust all announcements and sani- 
tary acts of local boards, when those acts and announcements are of a character to 
affect the commercial interests of the locality directly concerned : RMolved, Slo., Slc 
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** And whereas thcro is unfortunately a want of ooufidence with regard to the prompt 
furnirtbing of infonnation by the health anthorities of New Orleans with reference to 
infect iouN and rontaifious diseases : 

"Therefore, 

*' RtHolvedj That in the opinion of this council it would undoubtedly tend to the 
restoration of confidence if the State board of health would request the Nationil 
Board of Healrli to place un inspector at the quarantine station and one in New Or> 
leans, who Hball have accens to the reconls of the board of health, and be fumiBhed 
every facility for obtaining reliable information with regard to all cases deemed sns- 
picioiis, and cHjiecially with regard to yellow fever." 

This action of the Hanitary council was vehemently denounced at the meeting of 
the State board on February 10, 18*^1, and great indignation was expressed in ref- 
erence to an iiiHpector or reprcHentative in New Orleans of the National Board of 
Health, with .such privilegeH an are referred to in the above resolution, and to bis as- 
signment to duty UH a so-called "8j)y" upon the board and its members. 

On February 11), Dr. Cabell, president National Boanl of Health, wrote to the preai- 
dent of the State board inquiring whether said board would accede to two propo- 
Aitions, both as above, viz, the assignment to duty by the National Board of Heaitii 
of an agent in New Orleans and of an inspector at the Mississippi River quarantine 
station, with adequate facilities for the discharge of their duties (see Appendix 1). 
This oflicial letter of inquiry wan not submitted to the State board until March 10, 
the date of its lirHt regular monthly meeting after the receipt of said letter. In the 
mean time the executive committee of the aew Orleans Auxiliary Sanitary Associa- 
tion adopted, ou February 26, the foUowinc resolutions : 

*' Whereas the Sanitary Council of the Mississippi Valley, composed of the mem- 
bers of the }>oards of health and of the sanitary officers of the States and mnnicipali- 
ti(>H adjacent to and in closest relations with New Orleans, has requested the Louisi- 
ana State board of health to invito a representative of the National Board of Health 
to attend all the meetings of the said Louisiana State board of health, and to hare 
free aecenn to all its sources of informatiou concerning the sanitary condition of Nev 
Orleans and its vicinity during the season of danger from yellow'^fever, and another 
representative to be stationed at the Mississippi River quarantine statiou during the 
same period and with similar privileges; and 

'* Whereas it is evident that only by compliance with this request that unreason- 
able ap]>rehenHions of danger can be anticipat-ed, and premature and unnecessary re- 
Htrir lions upim commercial and personal intercourse with New Orleans be prevented; 
and 

" Whereas large allowance should be made by New Orleans for the easily-excited 
fears of thoH<^ coiiimiiniticH whose protection against yellow fever is supposed tode- 
])end to a (Minsiderable extent upon early and accurate information concerning its 
apoearance and progress in this city and neighborhood, and that every rational con- 
cession should be made to ^^ecu^e their c(»ntidence and good will: 

'^liettoUrdf That the Louisiana State board of health be urgently requested to recon- 
sider their late action in regard to this question, and to acquiesce in what has been 
asked by the Sanitary Council of the Mississippi Valley." 

A lengthy debate ou the resolutions followed. Mr. Edward Booth opposed the reso- 
lutions, he being a member of the State board of health. Messrs. Cnarles A. Whit- 
ney, Joseph Bowling, Henry Giuder, George Horter, Charles Clinton, and Edwaid 
Fe'nner, spoke in favor of their adoption. The resolutions were adopted, Mr. Booth 
being the only vote in the negative. 

Mr. Henry Ginder offered the following resolution, which was adopted: 

^* Jienolvedf That the New Orleans Auxiliary Sanitary Association, in behalf of the 
commercial and moneyed interests of the city of New Orleans, do hereby request the 
State board of health of Louisiana to call a special meeting of their board at as early 
a dat(^ as will permit their action ou the resolution passed at the regular meeting of 
the executive committee of the New Orleans Auxiliary Sanitary Association, held 
February !2(), lHc<l, to be present-ed to the convention of the Sanitary Council of the 
Mississippi Valley ou March 11, 1881" [or, as it should have been, April 21, 1881]. 

The aliove resolutions, first published on February 27, were republished in the news- 
papers of March 13, with the signatures thereto appended of some eight hundred of 
the most resi)ectable lirms and citizens of New Orleans. 

On Mari!h 10, previous to the republication of the above resolutions with their inflneu- 
tial indorsement, the State board adopted, in response to the brief and simple proposi- 
tion^ of President Cabell, and of the Auxiliary Sanitary Association, the lengthy replies 
cited in Appendix 2. To these eight whereases, four resolutions, and four proposi- 
tions tlic president of the State board added, on March 22, an open letter to the presi- 
dent of the New Orleans Auxiliary Sanitary Association, which letter occupied four 
colunnis of fine print in a daily ne\vs]>aper. 

Tlie following points in said letter deserve recording: Kespocting an agent in New 
Orleans of the National Board of Health **the board of health of the State of Louisi- 
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tna has never denied free access to all its sources of information conoeminff the san- 
tary condition of New Orleans during the season of danger from yellow fever, nor 
luring any other season of the year." '* No board of so-called experts, and no mem- 
)er, agent, or employ^ of the National Board of Health can have any legal, or exclu- 
dve, or even constructive right to investigate the cases of the licensed practitioners 
>f medicine." ' ' The board of health has held that, before announci ng to the world the 
irst case or cases of yellow fever, the subject should be investigated and discussed, 
ind that the annunciation of the existence of so decided a pestuence as yellow fever 
ihould be based upon undisputable facts." * 

Respecting an inspector of the National Board of Health at the Mississippi River 
quarantine station, it was held that the present agitation of the questions relating to 
quarantine during the winter and spring months '* will tend to excite alarm and dis- 
:TUst in surrounding States, and may lead to the arbitrary establishment of quaran- 
tine against New Oneans, without anv just cause, at an early period of the summer." 
ind the favor requested was objected to, because such an inspector would have no 
'power for good,^' and because '* the National Board offers no substantial aid, but 
dmi)ly desires to be admitted at the quarantine station as an inveatigatar and judge of 
the mode in which the legally constituted authorities of Louisiana perform their 
luties." On the above two subjects no passages have been found more definite than 
those cited. 

Finally, the letter of President Jones opposes at lengtib the proposition that infected 
<ressel8 BDould not be permitted to enter the Mississippi River until they have been 
thoroughly Misinfected at the Ship Island quarantine station of the National Board of 
Health. This proposition was first made by the National Board to the Louisiana 
State board on April 10, 1880, was promptly rejected, and in the annual report for 1880 
af the latter board was severely denounced as one of '* the preposterous schemes of the 
National Board of Health." This letter and the action of the State board, cited in 
Appendix 2, gave rise to much public dissatisfaction, as shown by the following evi- 
dence : On ^rch 29, the official Journal of the State, the Democrat, declared that Dr. 
Joneses letter was " an evasion of the issue ; " that his view that the State board ** pos- 
sesses the confidence of the people at large" was ''a delusion" of Dr. Jones alone: 
and thAt inasmuch as '^ we must make up our minds to the presence of the National 
Board of Health in the persons of its inspectors and other representatives, shall we 
have relations of candor, good feeling, and courtesy with them, or shall we, by a pol- 
icy of jealousy, churlishness, and general folly force them into an attitude of distrust 
and antagonism T " And the people were advised to request the president and his sup- 
porting majority of the board to resign. 

Further, on April 2, the New Orleans Auxiliary Sanitary Association, having failed 
in its appeal of February 26, to the State board, adopted an address to the governor 
of Louisiana (see Appendix 3), appealing to him for the exercise of his superior au- 
thority to grant the two requests made by the Sanitary Council of the Mississippi 
Valley as rormulated more definitely in the letter of February 19, of the president of 
the National Board of Health (see Appendix 1). It was urged that the State board 
should " revise its former action and grant, without reservation^ the reasonable requests 
which have been made." This address to the governor stated : ** You must have ob- 
served, if you carefully read the four closely-printed columns over the signature of 
the president of the board of health, that the plain and reasonable requests made by the 
Sanitary Council of the Mississippi Valley, and the other orjgan^zations already men- 
tioned [the New Orleans Chamber of Commerce and the Medical and Surgical Associa- 
ciation], have been carefully evaded, the generous and catholic spirit of the board of 
health paraded in glowing colors, and imaginary legal difficulties made to assume in- 
superable nroportions. For the purpose of aiding the board in the solution of these 
grave legal questions we have taken the liberty to submit the same to several dis- 
tinguished members of the New Orleans bar, and have the pleasure of herewith ap- 
pending their replies." These replies were all to the effect that the legal difficulties 
were ** imaginary," and they were si^edby all, it is believed, to whom the questions 
were submitted, viz, by one ex-associ ate justice of the United States Supreme Court, 
by three ex-associates Justices of the Louisiana supreme court, by one ex-Senator of 
the United States, by two other lawyers of the highest local reputation. (See Ap- 
pendix 3.) 
At the two succeeding meetings of the State board the following resolutions were 

* The present fceneration in the MisslMippi Valley is not likely to forget that while in 1878 there wm 
not a certified death by yellow fever in New Orleans until Jnly 21. yet that there had been onreported 
ACiapicioaB cases and dfeaths daring the preceding three weeks at least, and that the tow-boat John D. 
Porter, which left New Orleans as early as July 18, had on board 26 cases and 14 deaths by yellow fever 
between said city and Gallipolis. Ohio. The ^reat additional devastation attributed to tms boat was 
registered by Port Gibson and V^ickHlmrg, Miss., by Hickman, Ky., and by Gallipolis. Ohio. This sad 
incident is only one of many others which teach the lesson that prompt toaming should be given, eveti 
Qftuspieiout cotes, to at least those sanitary authorities interested. The ethics of all civilized nations 
now adopt as an axiom Uie principle that, in a conflict between public health and commerce, prece> 
dence must be given the former. 

4429 N B H 19 
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adopted: On April 14, it was ^* Bewhedy That this board concnrs in the opinion of 
Homo of the river States, that the National Board would do well to commence itsrivw 
and railroad inHpectionHon or about the 1st of May ; and that this board cordially in- 
dorses the invitation, alrea<ly extended by its president, to such inspectoror inspect- 
ors as may be eoinmiH-sioued by the National Board of Health to occupy the commo- 
dious room adjacent to and in eonimunication with the rooms and offices of thisboaid 
at the State capitol; and that the inspector or Inspectors aforesaid are requestedand 
urged to be present as auditors and si)ectators at the meetings of this board, with % 
view to ^ive etlieiencv to the wishes of the National Board of Health, expressed 
through its president, Dr. Cal>ell, under date of February 19, viz : *That it may have 
adequate facilities for obtaining the information necessary to enable its inspectorsto 
furnish positive and trustworthy certificates/" At its next meeting, on April 19, the 
Stat« board adopted the three following important resolutions : 

'^ In order to allay apprehension in the public mind in the city and surrounding 
country, and to secure a correct rt»port of tne first case or cases of yellow fever which 
may occur in this city or within the iurisdiction of the State board of health — 

** Be it resolvedf That an agent of the National Board, to be stationed in New Or- 
leans, shull have access in the daily reports received by the State board, and of sick- 
ness when reports of sickness are made ; and that whenever the agent or the National 
Board or the health auttiorities of this State receive information of the alleged exists 
ence of one or more cases of disease of a doubtful or suspicious character as to its being 
infectious, the State board agrees to send one of its officers, who, together with the 
agent of the National Board, shall investigate the case, the two parties reporting the 
results to their respective boards. In case the two parties disagree, a third physician, 
acceptable to the two parties, shall be selected by them as umpire. A majority report 
shall be final, and reported as such to the National Board in cipher. The two msped- 
ors, as appointed, should have thorough knowledge of all diseases of the Lower Mis- 
sissippi Valley, and osjiecially of yellow fever, and should be personably acceptable 
to the board, in onler to secure friendly relations and useful co-operation, and it shall 
be the duty of said local insi>ectors of the National Board of Health to be present at 
all meetings of the local board. 

** Be it further resolved, That the president of this board be requested to transmit a 
co[)y of these resolutions to the president of the National Board, and to the president 
of the sanitary council of the Mississippi Valley." 

It was also on April 19 — 

^^Besolvedy That this board is of opinion that it is without power to nominate or 
appoint any Mississippi quarantine station-inspector whatever, and refers the matter 
of such nomination and appointment to his excellency the governor." 

On this last subject, it is observable, in Appendix 1, whicn contains all the official 
correspondence on the subject, that there never was any question as to the " nomi- 
nation and appointment" of an inspector of the National ^ard of Health by either 
the State board or the governor, but the question was simply whether the National 
Board of Health would be permitted to station at the Mississippi River quarantine 
itii own nominee and appointee, '* for purposes of observation and inquiry,*' and 
with *' the privilege of inspecting, in company with the [State] quarantine officer, all 
vessels arriving at the station."* Appendix 1 shows further that, acting on the above 
resolution, the president of the National Board of Health applied directly to the gov- 
ernor of Louisiana on May 17, and called his attention thereto j that Dr. S. M. Be- 
miss, resident member of the National Board of Health, again solicited the governor's 
attention to the same subject on May 26, and, finally, that the application first made to 
the State board on February 19, did not receive a favorable answer until June 4. 

In the mean time the sanitary council of the Mississippi Valley held it-s annual ses- 
sion on April 21, and adopted among other resolutions the four following, bearing 
directly on the subjects now under consideration : 

^^ Beeolved, That the exi>erience of the past teaches that the quarantine of that 
[the Gulf] coast, and especially that on the Lower Mississippi, cannot be relied on to 
prevent the introduction of yellow fever into the Valley of the Mississippi, and that, 
therefore, immediate measures should be taken to so improve their management that 
all the resources of science and of human skill should be applied to prevent another 
invasion of yellow fever through that channel. 

^^Besolredy That the sanitary council of the Mississippi Valley reaffirm the action 
taken at its December [1880] meeting in New Orleans, and demands that the Louisi- 
ana board of health invite the ai)pointment and maintenance by the National Board 
of Health of inspectors at New Orleans, at Port Eads, and at the Mississippi quaran- 

* Hence, this was the proi)08ition really rejected for lack of i>ower, and yet on a snbeeqnent coca- 
sioD, September 15, 1881, una in a diifereiit issue, the president of the State board cited the varloot 
laws of Louisiana, which sustained tlie opinion of the law^^ers consulted by theAuxiUary SanUiuf 
Association, and in proof that " the board of health was placed al>»ohUdy Mid uneondiHonatfy by tM 
general assembly or the State of Louisiana in cUar>;e of the Mississippi qnannttne station, and of all 
others within the limits of the State." (See Appendix 8.) 
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tine Btation, and annoances that in the event of any failure on the part of the said 
8ta*c board of Louisiana to act in good faith toward said inspectors, the boards of 
health represented in this conncil will be compelled to take into their own hands the 
protection of the health of their own people. 

** Resolved, That this council being nrmly convinced that the safety of New Orleans, 
as well as of the valley, lies in the rigid exclusion of infected ships from the Lower 
Mississippi, strenuonsly urges upon tue State board of health of Louisiana a modifi- 
cation of 'section 6' of its rules and regulations for the govemmeut of quarantine 
offi<'ers and stations, &c., so as to read : Sec. 6. All vessels from ports in which yel- 
low fever is prevailing, or from ports where contagious or infectious diseases are 
reported to exist, shall bo inspected at Port Eads. If any such be found to be infected, 
or furnish reasonable Ki*ound for suspicion of infection, such vessels shall not be 
allowed to pass Port Eads north wise except upon presentation of a certificate of 
inspection from the Ship Island quarantine station of the National Board of Health 
setting forth that the vessel has been subjected to the proper treatment, and is free 
from liability of conveying contagion.* 

'' Ilemlredy That this council condemns all methods of suppression and secrecy with 
refert^nce to information of contagious or infectious diseases, therefore dfscounten- 
ances the use of cipher telegrams. But in the event of danger from such diseases at 
any point in the Mississippi valley, it is the duty of the executive oflScer of the health 
organization of such place to fully and promptly advise the proper authorities at all 
th<^ threatened points." 

On June 9, the State board vehemently protested against the above action of the 
sanitary council. 

Having concluded the historical record of those official events which served as a 
preface to my duties, and to my general instructions, these and their results can now 
ue duly appreciated. 

II. — GENERAL INSTRUCTIONS OP APRIL 28, 1881. 

These instructions, of which a copy is appended as Appendix 4 to this report^ ap- 
pointed me the "representative and chief executive agent in New Orleans" or the 
National Board of Health, with the title of supervising inspector. They required. 
in the first place, as my primary duty, " to obtain the earliest possible information of 
the existence of yellow fever in New Orleans or its vicinity "; in the next place, to 
secure between New Orleans and other points, whether the former should or should 
not be free from infection, as uninterrupted commercial intercourse as the protection 
of the latter from infection might render practicable; and, in the last place, **in 
case of appearance of yellow fever in New Orleans, to co-operate in every way to 
limit the spread of the disease and to stamp it out it possible." These three duties 
require consideration, however little will be needed concerning the last two, since 
no yellow fever infection appeared, either to be stamped ont or to interrupt commerce. 

OBTAINING INFORMATION OF THE EXISTENCE OF YELLOW FEVER. 

To accomplish thia duty, indispensable to the validity of my own river and rail- 
road sanitai^ certificates and to the protection both of public nealth and commerce,, 
the adoption of three measures was directed. First, the reception of reports fr^m 
an inspector of the National Board of Health at the Mississippi Biver quarantine 
station; second, prompt information from the State board of all cases of vellow 
fever and suspicious cases of fever ; third, the same from all other sanitary and med- 
ical organizations, as also from physicians individually. 

Reports frx)m the quarantine inspector were not received until June 5, as his as- 
signment to duty was not authorized by Louisiana until June 4, for reasons already- 
stated and to be found in Appendix 1. Since June 5 the required reports have been 
received. 

In order to secure prompt information of all cases of vellow fever and suspicioua 
cases of fever, I was instructed to present to the State board the following propo- 
sition : ^' That all reports of deaths and the original returns made by the attending 
physician, of doubtful and suspicious cases, mi^e to the Louisiana State board or to 
any member thereof, shall be communicated to you at once, whether they may have 
been formally presented to a meeting of the State board and entered on its file« or not, 
and that if any of these cases shall appear to you to be of a sufficiently doubtful or 
Bospicious character to demand it, you will, upon notifying the proper officer of the 

* Tbe reKulation of the Louisiana State board did, and doen still, read aa follows : *' Sxc. 6. All vea* 
•elit from ports in which yellow fever is prerailinff. or fh>in ports where other oontafdoas or infections 
diseases are reported to exist, shall be detained at qnarantine stations for observation, dijdnfection. 
pariflcatiou, and fnmieation, not less than seventy-two hours, or for such length of thne as the board 
of health may determine." 
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Stateboanl, be nermittud to IiiTCBtigat« theoaM in oorniection with mch penoa at 
liennua aa may b« appointeil to accuinnanyyoQ by the State board." TUh impariaDt 
prujHMiition won on May li) imanimoasly ulopt^d by the Loniaiana 8tat« boud (m 
Apiioudix 5). In coiiiicctiou with thia propoiiitiaii, the Stale board was solicited In 
tigmi tbat iu thc^vfiit of a difference of oi)inioDiii tbediacnoaisof donbtfdlcaiMi^ 
yellow fover betwecii thoaj{entH of the National and State boards tomthet with uij 
uimiire tliey nii^ht Heli;ct, thi> diffemut opiiiione shonld b« reported to both bomit 
utid not the opinioD solely of the migority. Thia proposition waa not agreed to, u 
may be soea lu Appendix ri. However, prior to the nnanimons vote on thia propo«- 
tiun, the rep rose ntativo of the National Board of Health stated that ha wished it dis- 
tinctly unilerstooil that he should obey his inatmctions and in all oases report hin ava 
opinion ; bnt ho would st the some time very willingly report any opinion di&erinj 
from hia own, whether aaid opinion was that of a minority or a minority. Haviiig 

— .1 . .1.: ■-. _i — 1 1 — .__.. .... — 1 ^j adoption of the first propoaiUoE 

_ _ t ia, none the leas, evident 

that the failure of the State board ttTagree distinctly to this second proposition mi; 
hereafter givo rise to dissensioii. 

As uii additional meant of securing prompt information of all caaea of yellow fevci 
or siiH]>iciouB cases of fever, I was iustrnoted " to endeavor to aecoie the co-operation 
of other sanitary and medical organizations" than the State board, and also of "tl» 
physicians of New Orleans, and of the river pariabos below New Otleana." Id order 
to execute this dnty a circular requesting the aforesaid co-oneratton, waa read hefoR 
the State board, was not objected to, and was issued on Ma^ 24 (see Appendix 6), 
This circular was directed to organizations and physicians in New Oileane, and to 
physicians residing in the river parishes below New Orleans, in parisheson tbeTeiai 
Kailrood, and fur the most part m the vicinity of the Atchnfalaya quarantine station. 
and in the counties of Mississippi traversed by the railroad to MobUe, It was di*- 
trlbuled Co the following places in the following number, and written answers prDm- 
iaing the solicited co-operation were received &om the number stated ; 
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It deserves notice that while three-fourths of the country ]ihysician8 promised eo-op- 
erution, less than one-third of those residing in the city returned favorable written 
replies. This was probably due, in large measure, to the following causes : Some phy- 
'" e that yellow fever originates here spontaneously, and that present mni- 
xtions cannot prevent its occurrence : some are iDiniical to the National 



of the comiumiity, which ftora interest or othermotive opposes all qaaraiitiiie or other 



The failure of so large a proportion of the physicians of New Orleans to promise 
their roHDperation with the representativeof the National Board of Health woaldttnt 
have been a cause for anxiety, provided that all wore in the habit of reporting to tbe 
State board [>f health, as reqnired by an oTdinanceof the city, which the jireaident of 
the State board very coramendably distnlnitoii on May 1 to those whom it ooncems. 
This ordinance is as follows: "All practitioners of medicine, masters of any water- 
craft, hotel, boarding orlodging-house keepers, principals or mastots of any public or 
private school, the chief olHceror persons iu charge of any public institation of charity 
or of punishment, and heads of families are hereby rc(|nirod to report, within twenty- 
tour houra, to the oBlco of the board of health sit cases within their cognizance of 
Asiatic cholera, leprosy, yellow fever, typhus or ship fever, diphtheria, malignant 
scarlet fever, small-pox, varioloid, tricbiniasis, or any other case that may at any time 
be s|ieci6ed liy tbe board of health." It is well known, however, that this ordinance 
is not olioved by all, not even by ail physicians, huuce the efl'ort to secure infbrmatlon 
additional to that promised by the State boanl.and hence the failure of ao mauyoity 
physicians to promise this information coustititted a cause for serious anxiety, tbM 
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the fimt cases of yellow fever might occur withoat the knowledge of any sanitary offi- 
cers. Among the favorable answers £rom city physicians many were very gratifying, 
since they expressed hearty approval and cordial co-operation. One respondent, a 
Creole physician of long experience and repute, replied tnat his aid would be actively 

§iven ror the sufficient reason, and apart from those ur^ed in my circular, that ho 
oemed it a crime to permit unacclimated strangers to visit this city without warning 
when there were any cases of yellow fever here. 

As an additional 'means of securing early information of the first cases of yellow 
fever in New Orleans and its vicinity, letters were addressed to United Stages collectors 
of customs, requesting them to notify me promptly of the arrival of any vessels re- 
ported to have suspicious sickness on board. Favorable answers were promptly 
received from all to whom the request was made, viz : from General A. S. Badger, 
collector of the port of New Orleans, to whom the collectors not only at New Orleans, 
but also at Port Eads, at Southwest Pass, at Pass h I'Ontre, at the Mississippi River 

?[narantine stMiou, at the Rigolets, and at Lookout, a few miles beyond, all report; 
rom Mr. J. R. Jolly, collector of customs at Morgan City, to whom also report not 
only the vessels arriving at the Atchafalaya quarantine station, but also at other places 
along the south coast of Louisiana,* ana from Mr. J. R. Henderson, collector of cus- 
toms at Shieldsborough, or Bay Saint Louis, Mississippi, to whom also report all ves- 
sels arriving at Ship Island and other places along tne Gulf coast of the State of Mis- 
sissippi, t 

All these measures for securing prompt information were in practical operation by 
June 5, when the inspector of the National Board of Health arrived at the Mississippi 
River quarantine station. From this date great confidence was felt, notwithstand- 
ing the fear that some of the first cases of the dreaded fever might occur in New Or- 
leans without the knowledge of any sanitary officers ; yet, that the disease could not 
make such progress as to seriously endanger other States without my kuowledge and 
their consequent warning. 

An additional measure for securing information deserves notice. On April 14 the 
State board resolved that the inspector or inspectors of the National Board ** were 
requested and urged to be present as auditors and spectators at the meetings of this 
board"; and it further resolved, on April 19, that " it shall be the duty of said local 
inspector of the National Board of Health to be present at all meeHngt of the local 
boanl." On this subject I was instructed " to use my own discretion in the matter." 
My discretion prompted me to attend on three occasions only. On two of these occa- 
sions I was treated personally with great courtesy, and jjiven officially every desir- 
able privilege. On the third* occasion, an executive session on August 3. 1 was not 
permitted by the State board to exercise my discretion, and I have since oeen offici- 
ally informed " that the board has decided that no one except those belonging to its 
own organization can be admitted to its executive sessions." It was my discretion 
to attend said executive session, because I had good reason to believe that it was to 
be held for the exiiress purpose of determining an issue with the National Board ; 
and the above decision of the State board was given in answer specially to my ques- 
tion whether the privilege would be allowed me of attendint; those executive sessions 
which might be called specially to consider subjects in which the National Board was 
directly involved. I had hoped that, by explanations in my power alone to give, I 
might, if present, be enabled to promote narmony between both boards, and I had no 
other motive. 

In concluding this subject of the attendance of your representative in the meetings 
of the State board, it may be well to say that the chief aid desired of the State by the 
National Board is prompt information of the earliest cases of yellow fever or of sus- 
picious cases of fever, and that this is not likely to be any better secured by attend- 
ance on said meetings, for the president has repeatedly promised that he would give 
such information. If your representative had the assurance that ho would be granted 
the privilege of a voice on all occasions, when questions clearly involving the duties 
and interests of the National Board were under discussion, then his attendance on 
such occasions would, no doubt, tend to prevent useless misunderstandings, to in- 
spire mutual respect for honest differences of opinion, and to promote the harmony 
sovery desirable. 

ISOLATION, DiaiXFECTION, ETC., FOR STAMPING OUT YELLOW FEVER. 

In respect to the first cases or suspected cases of yellow fever, I was also instructed 
** to co-operate in every way with the health authorities of the city " in stamping out 
the disease if possible, and ni order to accomplish this, '*to secure isolation, system- 
atic disinfection, &c, " Fortuuately I was 8pare<l this duty, and fortunately lor my 
relief from anxietj' my responsibility in this matter would have been subordinate to 

* Cnlcaxica Pass and Cameron. 

t Paacagouln, Pearlington, Pass ChrlBtian, &•. 
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til at of the State board. However, for the benefit of the fotare. the follo^sring facts 
(should benuderstood : In the first phice,itisall-impoituitthattDe very earliest cases, 
liow'tfver slightly sick, should be promptly reported to and taken in hand by the san- 
itary officers; these requirements are very liable not to be fnlfilled. In the next 
place, efficient iMolatiou and disinfection of families and houses must in this country 
depend, in large measure, upon the willingness of the afflicted families and of their 
friends to give their co-operation, and also upon public sentiment representing the 
the value of these measureN. Until sanitary officers can obtain these supports, ia 
perfecting all measures for isolation and disinfection, their frequent failure must be 
ex^KH-ted, and prove their execution faulty rather than that the measures themselves 
are valueless, an is too often inferred. These impediments to success ixmd to ren- 
der hi ws the best in theory very inefficient in practice. Our law is the citv ordi- 
nance No. (504G, of July 8, 1879, and it reads : "Tlie board of health may, at itsdis- 
<'n*tion, regulate or prevent cujceffs to or egress fronif or cause to be vacated, any infected 
building, water-cralt, place, or locality ; or cause to be fumigated, or otherwise di»- 
iufected, any infectecl building or water-craft whenever, in the opinion of said board, 
(such action shall be deemed necessary to prevent the spread ol any dangerous and 
infectious diseases." Aud ** the board of health may disinfect any infected clothins, 
bedding, or other substances whenever, in the discretion of said board, such action slum 
be deemetl necessary to prevent the spread of disease." 

SHIP ISLAND QUABANTINB. 

On this subject, my general instructions directed me '' to endeavor to secure the 
«o-<>]>erati<>n of the Louisiana State board of health " in obtaining the result, *' con- 
sidered highly desirable by the National Board of Health, that inrocted ships should 
be lis far as ]>ossible excluded from the Mississippi River." The measures by which 
it was proposed to secure this result were those recommended on April 21 bythe san- 
itary council of the Mississippi Valley, and already cited in this report. The action 
taken by me to fulfill my instructions and the unsnccessful issue thereof are fully re- 
corded in Appendix 5. 

'llie ]>rinei)>le that ^' infected ships should be as far as possible excluded from the 
J^iississippi River " is so unquestionably sound that it has been advocated even by Dr. 
J. Jones, the ablest, most persistent, and most influential op|>onent of the measure 
proiM>sed for its executi<m. Dr. Jones, who became president of the Louisiana State 
board, April 8,1880, urged, in Februarj*, 1879, as follows: '* Quarantine should not 
only command all the outlets and inlets to New Orleans, but all vessels from imfedei 
porta should be entirely excluded, or else the cargoes should be lauded at the quaran- 
tine station, and should be thoroughly fumigated and then transferred to lighters 
to be transmitted to the city. Upon no consideration should a vessel from an infected 
port be allowed to come un to the port of New Orleans." " An impertect quarantine, 
such as now exists [1878-'79] at the outlets of the Mississippi, has been and wiU Iw 
a sham and delusion. The question of the foreign and domestic origin of yellow fever 
should be determined by an absolute quarantine/'* 

In addition to the facts presented in Appendix 5, the following bear upon the extent 
of the commercial interests involved in tne question at issue. During the five years, 
1876-1880, the average annual arrivals in the Mississippi River was 1,103 vessels, and 
of these the annual average number detained at the quarantine station was 15;). This 
last average rex>resents the number of vessels from at least May 1 to November 1 from 
All ports infected and even suspected of infection. The number of these 153 vessels 
an iving really infected, so far as sanitarians could determine, has not for years past 
exceed^ six ; there was in 1880 none, or one at the utmost, the Excelsior, and in 1881 
only two, the insignificant barks Espafia and Cristina, which combinea were only 
-about 1,000 tonna^. 

No doubt is entertained that New Orleans, and therefore its neighbors^ would lessen 
the number of annual risks of infection if such infected vessels were forbidden to enter 
the Mississippi River, and were forced first to proceed to the refuge for them at Ship 
Island. If this policy were once established, and due notice given thereof, two gooa 
results would at once follow : First, infected vessels bound for New Orleans would 
«ail direct for Ship Island, whereby most of them would avoid the 90 miles detour 
from Port Eads to Ship Island ; second, all vessels bound to New Orleans from infected 
ports would be forced by pecuniary interests to adopt all the sanitary precautions 
•calculated to protect them from infection, whereby the number of arrivals of infected 
vessels would soon bo much diminished. 

In order to secure the important information so difficult to obtain as to what ves- 
sels from infected ports are really infected, captains and crews cannot be at all trusted, 
nor as a rule, either local boards of health or United States consuls. Trustworthy 
sauxiary officers, stationed at infected ports, are indispensable. Dr. D. M. Burgess, 

* See page 616. vol. vi, new series, New Orleans Medical and Surgical JonxnaL 
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auitary Inspector at Havana, has well illustrated the usefulness of his ser\'ice. But 
he import trade of New Orleans from the constantly infected ports of Rio and Vera 
^ruz is much more important than that of Havana, and New Orleans has the right to 
»xp«ct that it should be as well protected by the National Board from the dangers of the 
atter porta as from those of Havana. In case the Ship Island policy should ever be 
tstablished, sanitary inspectors at foreign ports would not only aid in detecting what 
ressels were infected, but would also warn those bound for New Orleans that they must 
irst proceed to the refuge provided for them at said island. 

If the policy advocated respecting the national quarantine station at Ship Island 
8 calculated to diminish the risks oT infection, how much more important than in the 
past becomes the adoption of this policy for tne future. New Orleans is now rejoic- 
ing in its prospects of unprecedented prosperity. The annual increase in the density 
[>f its population, in the number of its unacclimated inhabitants, and in the extent of 
ita commerce with infected ports, must constantly increase the risks and dangers of 
its own infection ; while at the same time the increasing commerce of the Mississippi 
River and the greatly increasing facilities for rapid railroad communication with 
every part of our contment will increase, pari pasuj the risks and dangers of distribut- 
ing this infection. 

Having reviewed the chief points of my general instructions, consideration will now 
be given more especially to tne sanitary work done. 

ni.— The inspection service of 1881. 

When assigned to duty on April 26, authority was given to appoint two sanitary 
inspectors and two sanitary policemen for the river service. Drs. P. B. McCutchon 
and F. W. Parham were appointed inspectors on April 27, and assigned to duty on 
May 1 ; the two sanitary policemen, though selected, were held in abeyance for as- 
signment to duty until need for their service should arise, which need did not occur. 
On May 20 Drs. L. F. Salomon, J. M. Watkins, and P. S. Carrington were appointed 
inspectors for the railroad service, one for each of our three railroads, viz, the "Chi- 
cago, Saint Louis & New Orleans," the ^* Louisville &, Nashville" (via Mobile), and 
the *' Louisiana & Texas." 

The agents of these roads, Mr. J. 0. Clark, Mr. J. T. Harahan, and Messrs. C. A. 
Whitney and A. C. Hutchinson, responded in the most cordial and generous manner 
to the solicitation, to defray the expenses of these inspections, avowed their deter- 
mination to support the National Board of Health, their perfect confidence in its local 
agents, and their williucncss to be guided in the matter entirely by Dr. S. M. Bemiss, 
resident member, and Dr. S. E. Chaill^, the local agent and representative of the 
National Board. Restricting themselves to the single objection that they hoped the 
expenses would not bo imposed until Drs. B. and U. deemed it necessary, it was de- 
cided by them, and subsequently approved by the National Board, that the railroad 
service should not be inaugurated until the occurence of one of two contingencies, 
viz, either the existence of yellow fever in New Orleans or the demand of communi- 
ties on the route of the railroads. Since yellow fever did not occur, and since no 
comiiiunities on the aforesaid routes requested railroad inspections, except the Ten- 
nessee State board of health, the railroad service was not inaugurated except in com- 
pliance with said request. This was received on August 16, and on the 17th Drs. 
Salomon and Watkins were on duty for the two roads whicn traverse Tennessee. 
There have been no inspections on the Louisiana Sl Texas Railroad. 

On June 4 the consent of his excellency L. A. Wiltz, governor of Louisiana, to 
station an inspector of the National Board of Health at the Mississippi River quaran- 
tine station, was received, and on June 5 Dr. Q. F. Patton, who had been previously 
appointed, was assigned to duty, arriving at his post on the same day. On July 1, 
the steam-launch Lookout, whicn at my request had been transferrod fh>m Cairo to 
New Orleans on Juno 17, was forwarded to the Mississippi quarantine station. Its 
constant service has been indispensable to Inspector Patton, and has required two 
employes, viz., an engineer and a fireman, at a total expense of about $100 per month. 

The employment of a clerk having been found indispensable. Dr. William Martin, 
who served as an inspector of the National Board of Health both in 1879 and 18S(), 
consented to accept the position, has been on duty since May 2, and has rendered 
valuable service both to tne resident member of the Board and to myself. 

The above completes the list of all ofiicers and employ^ in the service of the Boanl 
at New Orleans and its vicinity from April 26 to October 1, Ifc^l. AH were retired 
from active 8er\'ice on September 30 with the exception of myself and clerk, who were 
authorized to continue on dut^, if the closing of the service and the completion of 
ofilcial reports should require it, to October 15. , 

The total expense to October 1 was $r>,516.13, and will not equal to October 15 
16,000, of which about $1,800 were expended for the quarantine ser\'ice. It is not be- 
lievetl that the service in New Orleans can, even in tne healthiest years, ever be dis- 
charged in a manner satisfactory to adjacent States with a less numerous corps or at 
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]o8A expense. In fact* if tlie exiK^nse of three railroad inspectors from May to OMo- 
bor Ih to bt) boniOf as I tliink it sbould be, by the United States, if the qaarantiDe 
MTvicc in to begin May 1, instead of Jnne 5, as it did this year, and if the nectNsin- 
ollice-r<»onis are to be paid for, as was not required this year, then the least anunal 
expense wonhl fall little short of ;^1(),(X>U. This wonld, of course, be much increased 
in yellow-fever years. 

For tliu ]N»st8 which were filled there were three times as many applicants as officer. 
In making appointnientn ]>rt*f(^rence was given to those applicants who had already 
Herved nioHt satiMfaetorily, and who were acceptable both to the resident member of 
tb«' National Board and to the pn^sident of the State board. 

It was very ditheult to fill snitnbl^ the inspectorship at the Mississippi River quar- 
:intin«' htutiou. The location of this post is not agreeable, the occupant is deprived 
socially and professionally of all a<l vantages, its responsibilities are ver^ burdensome, 
and its op]K>rtnuities for dismmsion and exposure to unfavorable criticism numerooB. 
This p(»st s]H*cially deniaiuls integrity, capacity, tirmness of character, quaraiitiDe 
experience, and a re]>utation commanding professional and i)ublic contidence. Thctj^ 
i*e(luiNites for Htuessare difficult to iind even among physicians a4lvanced in life, none 
of whtmi, if really suitable for the place, are likely to accept it for the salary paid. 
Only thre<' physicians whom I was willing to appoint were found, and these con- 
sente<l to accept with reluctance. The names of these three were submitted to the 
president of the State board and subsequentlv to the resident physician 'at the Min- 
cisftipni Kiver quarantine station, who is, uuc\er the law of Louisiana, an api>oiDt«* 
not of the State board but (»f the governor. Uoth of these officers, while admitting 
that all three of the nominees were good men, expi*essefl a decided preference for Dr. 
(J. F. Patt-on, formerly in the service of the State at the same st-ation, who was there- 
upon very gladly given the appointment. He has discharged his disagreeable and 
responsible duties to my satisfaction, and deserves si>ecial consideration. (See 
Appendix?.) 

To him and to every officer rei>ortiug to me cordial thanks are due for zealous 
co-operation. Each discharged not simply the regular duty assigned him, but has 
l)roved his willingness to do anything whatever deemed by me likelv to promote the 
general good of the service. No officer could desire a better cori>s of snbonlinateA. 

While the ins(>ection service rei|uired duriug the present year — extraordinarily, 
because totally exerajJtfnmi yellow fever — only six officers and three employes,! was 
upon early applicatitm therefor authorized to appoint, in case it should be deemed 
ueccHHary, not only two sanitary i>olicemen for the river service, as already men- 
tione<l, but also three additional ins)>ectors for the three railroads, additional to the 
three lirst anthorized; two for the two ** basins" or city harbors of the two canals to 
Lake Pontchartrain, by which duriug the past year 3,3;(5 vessels, averaging about 26^ 
tons each, entere<l the very heart of tnis city ; and two inspectors, with four sanitary 
policeman, for such service in disinfection and isolation as the development of cases 
of yellow fever might render necessarv. Thus, had yellow fever occurred, there had 
been selected and would have been on duty fourteen sanitary inspectors and six police- 
men, i)repared to use every practicable means to protect adjacent States from infee- 
t ion by New Orleans, and to aid the State board in its contest against the infection in 
thiscity itself. It is believed that, should a 8<'rious emergency arise, not less than fif- 
t<^eu sanitary inspectors and an equal or greater number of sanitary }>olicemen would 
lind abundant occupation, and sh<mld be authorized. 

From April 2G to date the supervising insiK?ctor has been uninterruptedly at his 
i>ost, except on May 8, when, in company with Dr. Folsom, member of the National 
Boanl of liealth, and with Dr. Jones, president of the State board, the Mississippi 
Kiver quarantine station was ins)>ecte<l; and from May 13 to 16, during which time 
the river service, &c., at Memphis was inMi>ected. in company with Drs. Folsom aud 
Mitchell, members of the National Board of Health, aud Dr. Reilly, superintendent 
of the river service above New Orleans. 

Some consideration of the general facts concerning each service will now be given. 

THE MISSISSIPPI RIVKR QUARANTINE SERVICE. 

During the present year the exceptional precaution was taken by the State board 
to detain and disinfect all veswels fnmi Kio from March 1, a precaution due no doubt 
to last year's experience with the Excelsior. However, of the three gubernatorial 
proclamations, which were issued on the reconiinendatiim of the State boanl, the 
firnt was not published until April 22. This ordered the detention at quarantine for 
not less than three full (lays of all vesnels fi-om Kio, Havana, Vera Cruz, aud Aspiu- 
wall : but the State board has the pi)wer, aud exercises it, of adding any iufeirted 
l>orts to those which may be ]>roclaiuied. The secoiul proclamation, published June 
16, extended after June '3() tin* existing three days' detention to ten days, and Aspiii- 
wall was omitted, iu the absence of all evidence that it was infected. The third pixjc- 
lamation, iniblished September 10, reduced after October 15 the ten days' detention 
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lo three days. Not only were vessels "from the proclaimed ports quarantined, but 
also those from all Cuban ports, from Saint Thomas, and from the ports extending 
from Tampico to the Isthmus of Panama, thus including porta not probably infected, 
though suspected. 

. It deser^'es notice that the interval betvpcen the publication of the proclamations 
and the dates of their execution varied from only nine days to four weeks, an inter- 
val too brief for the interests of commerce; also, that while a detention for less than 
ten days of vessels many days at sea would toeoreticalU' suffice, yet that ten full 
days' detention was probably a wise precaution, in view of the present impractica- 
bility of unloading, disinfecting, and reloading vessels with desirable thoroughness 
and promptness. 

Other commendible precautions of the State board, which would have been more 
commendable if some had been earlier announced, deserve reporting. On July 7 it 
^* R^nolredj That any port in which an infectious disease is officially known to prevail 
bhall be put among the proclaimed i>orts as soon as such information may come to the 
knowledge of this ooard." 

On April 29 Dr. J. Holt, city sanitary inspector, was appointed "deputy inspector 
of shipping in the port of New Orleans," with the duties wisely established by the 
present board on April 22, 18K). Inspector Holt was also ordered that "the ships 
bringing cargoes of coflfee must be fumigated at the wharf and a second fumigation 
must be performed in the warehouses receiving the coffee." On August 11 the city 
sanitary inspectors, six in number, "were required to visit all ships within their re- 
spective districts three times a week." 

On August .•JO public attention was called to a city ordinance of 1870, to the effect 
that **no case of disease shall be removed from any vessel in the port of New Orleans 
to any house, residence, or hospital in the city without a written permit from the pres- 
ident of the board of health, under a penalty of a fine of $50 for each and every of- 
fense." 

As has been stated^ the average annual number of vessels quarantined at the all- 
important Mississippi River station has, for the five past years, been 153. Duringthe 
service of Inspector Patton there were 63 during the 111 days, June 5 to September 30. 

The risks of foreign infection through the two other State quarantine stations, viz, 
the Rigolets, of Lake Pontchartrain, and the Atchafalaya station, near Morgan City, 
are remarkably few, as illustrated by the following facts: Duringthe year ending 
August 31, 1881, there entered the port of Now Orleans by the Rigolets from 1,300 to 
l,8w schooners and steamboats, but of these there were only three from all^orei^n 
ports^ and these three were all fnim Tuxpan, Mexico, and in August. But while 
the risks of introducing foreign infection are so slight, the risks of conveying infec- 
tion from New Orleans to other States via the Rigolets, and to other ports of Louisi- 
ana via Lake Pontchartrain, would be very numerous; for during the aforesaid year 
there were from 1,300 to 1,800, for the most part dirty little schooners and steamboats, 
which cleared from New Orleans for the ports of other States, chiefly of Mississippi, 
Alabama, and Florida, and from 1,500 to 2,000 cleared for places in Louisiana on the 
north coast of Lake Pontchartrain. The average number of clearances during the 
months of danger was as great as during the balance of the year. 

As to the Atchafalaya station, there entered Morgan City, or Brashear, during the 
year, 320 steamers and 85 schooners ; of these there were none from foreign x)orts ex- 
cejit steamers from Vera Cruz and the Mexican coast, and of these there were none 
from May to November, as they are habitually withdrawn during the quarantine. 

As is well known, the practical difficulties of rendering ahsoluUly perfect the quar- 
antine of a great commercial jjort which has mauy avenues of entrance are at present 
insurmountable. The utmost which can be reasonably hoped for is to cut off an enor- 
mous proportion of the risks of infection. The Mississippi River quarantine does 
now, in my opinion, cut off a majority, perhaps even 90 or more out of 100 risks. 
During the past year it has been nnicll improved, not only by the funds expended on 
it, but also by more rigid and better aduiinistration ; and for this the present i)resi- 
deut and the State board deserve great credit. But it certaiuly has not yet become 
what it ought to be, as perfect as is practicable. ExiHting defects are sufficiently in- 
dicated in the official documents presented in Appendices?), 7, and in the accompany- 
ing report of Inspector Patton. Theno defects are due, in a measure, to what may be 
tenned iuhcrite<l causes, and pn>lKibly in greater measure to the very inadequate 
funds supplied by this State and city to the State board of health. So far as inher- 
itwl causes are concerned, public opinion still continues so lax as to quarantine pre- 
cautions that it much needs for its education additional epidemics or constant stimu- 
lation from without. This loose public opinion has fostered loose quarantine customs 
and acts. Howev<#r good the will of the State board, it finds in these conditions very 
great obstacles to a ]>erfect quarantine. Granting the will and all necessary laws, 
essentials must remaiu incomplete if adetjuate funds be not snp])lied. On this all- 
important point the State board furnished the following evidence on September 9. 
It apjiealed to the city council to give it, in addition to the ^10,000 annually appro- 
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propriated, t2,r>00 for the expenses indispensable for the balance of this year, stating 
that withoat this its inspectors and employ^ conld not be paid: that $1,400 wen 
now due, with only $400 cash in hand, and that ''the financial condition of the board 
iH worse than it has been for years.'' This is very poor enconragement to sangiiiiie 
sanitarians ; but while those living in neighboring and endangered States have a 
right to insist on the perfecting of all measores requisite for their own protection, 
they may none the less be reminded, in view of the $25,000 to $35,000 provided the 
^tate board by the impoverished treasury of this city and State, and in view of tiM 
impecunioos condition of their own State boards generally, that humanity in Loain- 
aua as elsewhere sympathizes with her whom Christ protected from those aboat to 
**caat the first stone." 

As fear has been entertained of the spreading of infection from the qnanntme 
gronuds to the adjacent neighborhood, and as density of the population is an import- 
ant factor in solving the amount of the danger of tne infection, the following noti 
have been gathered with considerable labor, and with, as is believed, closely approx- 
imative accuracy. The quarantine station, about 75 miles below New Orleans, is 
locate<l on a very narrow strip of cleared land, only 1 to 1^ miles wide, between the 
Mississippi River and the Gulf of Mexico. It is about 30 miles above the Head of 
the Passes of the Mississippi and 38 above Port Eads. The population from 10 milM 
above the quarantine station to Port Eads, that is, of the lower 48 milee of the Mu- 
«i6sippi River, is reported to be as follows : 





No. of inhabited 
houses. 


White popula- 
tion. 


Colored poonla- 
tionT 


• 




Males. 


Females. 


Males. 


Females. 




East bank MisslMippi within 10 miles above qnar- 
rantino 


85 

105 

102 

50 


148 

238 
108 
192 
27 
116 
150 


138 

258 

105 

201 

26 

15 

60 


80 

91 
14 
44 


90 

96 
12 
38 


451 


TTest bank MisBiftsippi within 10 miles above Buras 
T)Ost-()lWce* 


68 


£aMt bank from onarrantine to Head of Passes 

West bank from Baras post-office to Head of Passes 
Hoiid of Passes Doint. and both sides .... 


239 

475 

SS 


Port Eads (South Pass) 




9 
6 


8 
8 


148 


Pilot Town (Southwest Pass) 




201 








Total 


■••••• 


979 


793 


244 


247 


2,263 









* The Bnras post-office, directly opposite the qaarantine station, is not, properly speaking, arillagt, 
the houses averaf^g at this part ot the river some 200 yards apart. 

During the last month (September) of Inspector Patton's service oert«m charges, 
wliirb have not been substantiated, have been made against him. The official corre- 
e]>oudcuce and proceedings are recorded in Appendix?. I have fonnd Inspector Pat- 
ton always trustworthy and obedient to his instructions, and I am confident that he 
would always comply with all regulations properly^ made known to him- It will be 
fouud in Appendix 7 that I have expressed my belief that the objections made to In- 
epector Patton are altogether secondary to the objections against having in fhtore 
any inspector whomsoever of the National Board at the Mississippi Hiver quarantine 
etatiou. 

His accompanying report contains additional facts of interest concerning specially 
the Mississippi Kiver quarantine service. 

THE RIVKR SERVICE. 

The annual reports of the New Orleans Price Current show that dnrins the four 
years, 1877-80, the annual average of steamboats arriving at New Orleans sughtly ex- 
ceeded 3,000, and that the average for the five months. May to October, was 1,013. 
This year during the said five months there were only 203 steamboats and 206 barges 
inspected, for there were no orders to inspect any river craft except those which pasf^ed 
the Vicksburg audMemphis inspecting stations,'and those steamboats (four only) which 
after July 18, departed for Shreveport, the three places which have in recent years been 
ravaged so severely. No river craft other than those mentioned cleared from New Or- 
leans for said places nor for any places in other States via the Mississippi, with the 
exce])tiou of 8 steamboats and 9 barges which avoided the inspectors. jDuring the 
first four mouths there were inspected 174 out of the 203 steamboats ; however, the 
Price Curreut reports that during the same time there were 715 steamboat arrivals in 
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Xew Orleans, indicating therefore the same approximate number of departures. It 
'til 118 scemH that not one-fourth of the steamboats from New Orleans passed above to 
"Vicksbur/i; or to other State«.* This indicates farther the great additional work and 
responsibility which would i)robably be imposed on the river-service inspection if 
H'ew Orleans should bo again invaded by yellow fever, for in such case it is probable 
that all endangered communities would petition the National Board of Health, as 
liempbis, Vicksburg, and Shreveport have this year done, to inspect all river craft 
destined for the landings of said communities. In such emergency it would be neces- 
sary to inspect passengers as well as freight, and it is evident that two river inspec- 
tors would not suffice for the service ; for it should not be forgotten that a very great 
majority of steamboats leave New Orleans at 5 p. m., and that passengers board the 
boat during the last half hour. Hence, great difficulty would be incurred in effect- 
ing the thorough inspections necessary. 

There was manifested this season great cheerfulness on the i)art of the agents and 
officers of river craft generally in voluntarily complying with the regulations of the 
National Board of Health, and there can be no doubt that the resulting good under- 
standing and sanitary discipline has tended to effect results which would render the 
inspection service more efficient in time of real danger. As the inspectors are in- 
structed to exercise no forcible measures, but simj^ly to notifv all departing river 
craft which desire sanitary certificates that they can be procured by ai>i>tication there- 
for and undergoing the necessary inspection and compliance with orders, it is grati- 
fying to report that out of 211 steamboats destined for Memphis, Vicksburg, and 
Shreveport only eight refu84'd or failed to adopt the precautions necessary to procure 
the certificates. Even in seasons of danger there would be no means, here in New 
Orleans, to correct this evil, the res])onsibility for which rest« with those communi- 
ties which i)ermit such recalcitrant river craft to halt at their landings. 

For details respecting the river service reference is respectfully made to the ac- 
companying report of Inspectors McCutchou and Parham. 

It will be as well to n?fer in this as in any other place to the canal service which 
would be desirable if New Orleans should bec<mie infected. Two canals from Lake 
l^»iitchuiirain, namely the Carondelet and the New Orleans Canals, penetrate into 
tin- very heart of the most denHelv-i>opulated district of this city, terminating in the 
8<.>-called Old Basin and New Basin, which are, the one within one-half mile, and the 
other in three-quarters of a mile of the bank of the Mississippi. During the year end- 
ing August 31, 1881, 3,3:^5 8niall schooners and steamboats, averaging 201 tons each, 
entered these basins, and a like number, of course, de]«irt<'d, destined for l(\ different 
jdaces on Lake Pontchartrain, and for 14difierent ])la<:es in the United States, chielly 
in Mississippi, Alabama, and Florida, via the exit from the lake to the gulf, termed 
tlitf Kigolets. A number exceeding the monthly average of the 3,335 vessels cleared 
during the live dangerous months. May t<» »Sei)tember. These facts sufliciently indi- 
cate the need for a canal-inspection service in case New Orleans should be inf<"ct.ed ; 
and, since the two basins are over a mile distant from each other, the servic«* couhl 
not be t>erformed, as is belit^ved, by less than two inspectors and two sanitary police- 
men. In addition, steamboats leave Milneburg, a lake precinct of New Orleans, sev- 
eral times weekly for places both on the uoilh shore of Lake Pontchartrain and on the 
Gulf coast of Mississippi, Alabama, and Florida. Still farther. New Orleans has a 
third canal, Harvev's, which has a little commerce, on the west bank of the Missis- 
sippi, connecting this with the Gulf of Mexico. 

THE RAILROAD 6KRVICE. 

As has been stated, this service was not established this year until August 17, only 
then because solicite<l by the Tennessee State board of health, and it was applied only 
to freight trains and not to passengers or passenger trains on two of our three rail- 
roads. All freight cars were properly inspected, the regulations duly enforced and 
cheerfully complied with, and sanitary certificates given to every freight train. So 
far as I am informed these certificates were never called for on the border of Tennes- 
see or elsewhere on the route, and no officer was provided by the Tennessee State 
board of health, as (»ue would supimse should have been the case, to examine (carefully 
wh«»ther the sanitary condition of the trains justified the certificate's given them. lit 
is manifest that the efficiency of sanitary iuspectors is not promoted by such a course. 

If New Orleans were infected everyone of its three railroads would n'cpiire not less 
than two inspectors, one for freight, the other for passenger trains. In itiiO thtTu was 
als(» an inspector paid by two of th«^ three railroads, to accompany passenger trains; 
were this (teemed necessary hereafter, then, in emergency, there would be reijuired 
nine inspectors for the three present railroads. But it should not be forgotten that 

'Reliable aMnrance bai» bocn eiven that the RteamlNmt statiHtictA of the Xi*w Orleann Price Current 
are correct, but that they incluue the anivulu uot only from the UpiM-r }kli!«HiwHiiipi. bnt alao from the 
Lower lliaaiaaippi and by Harvey'ii Can^, and at MiuiebarK. ou Luke Pfiutcliartrain. 
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within a few years, even within one, the railroad commnnications of New Orleans 
will be much increased and a corresponding Increase of inspection be required. 

For details resi>ecting the railroaa service reference is respectfully made to tbe ac- 
company reports of Inspectors Salomon and Watkins. 

rv.— Consideration of several pertinent subjects. 

EXEMPTION OF NEW ORLEANS FROM YELLOW FEVER IN 1881. 

To this date not only no death by yellow fever has occurred, but no case, not only 
no case but no suspicious case, and not only no suspicious case, but no alarmiDgrn- 
iiior of one. It is doubtful whether the same good fortune has ever occurred since 
1796, when Now Orleans was visited by its first epidemic of yellow fever. It is cer- 
tain that during the past sixty years there has been but one year, 1^1, without a re- 
corded death by yellow fever, and in said year New Orleans was blockaded by the 
United States on May 28, and no vessels approached New Orleans by the Missiwippi 
until April 25, 1862, when the city was captured by the United Stat-es Navy. How- 
ever, there have been several years in which one or only two deaths have been re- 
corded, and these generally occurred in imported cases. In addition to the abwiice 
of the disease this year fh)m New Orleans, it was likewise totallv absent at all thm 
of the Louisiana quarantine stations. Two vessels arrived at the Mississippi Biver 
quarantine station which certainly ha<l been infected when at Havana, but the rigid 
precautions enforced this year on all suspected vessels were strenuously applied to 
these two. Although in Havana yellow fov(*r did not prevail at as early a date, nor 
later to as great extent as usual, which is believed to have been due to the lack of the 
usual number of unacclimnted immigrants, yet the disease did prevail with severity 
at several other of the most important Cuban ports, and of greater consequence to 
New Orleans, with unusual severity at Vera Cruz, owing probably to the large num- 
hvT of unacclimated immigrants attracted by the rnilrosul enterprises inaugurated in 
Mexico. But for the quarantine restrictions on vessels from infected ports our qnar- 
an tine stations, at least, would certainly not have escaped the importation of some 
cases. 

Preceding facts tend to strengthen the view, now generally accepted, that yellow 
t'cvtT in New Orleans is an exotic and not an indigenous disease. This view, how- 
ever, cannot yet be considered by science as fully and finally established. Therefore, 
it may be well to record, without discussion, other faets than those stated which bear 
iipioi'the total exemption of this city in 1881 from yellow fever. 

On the one hand, it is noteworthy that all places in the United States havethiji 
year escaped yellow fe\er, with the exception of a very few cases at its most southern 
port, Key West, and that, while yellow fever apparently flourishes best in humid 
climates and seasons, this season has been unusually- dry. 

On the other hand, the following facts deserve record : Local sanitation and quaran- 
tine restrictions have both been enforced more satisfactorily than usual at all yellow 
fever ports except Key West, where these precautions continue to be at their mini- 
mum. Though this season has been unusually dry, yet the history of yellow fever 
recordn numerous instances of the concurrence of devastating epidemics with droughts 
destructive to agriculture ; New Orleans was severely ravaged in 1841, yet the sea- 
son was exceptionally dry. The heat this season has been unusually severe, especi- 
ally during June, the mcmth in which the first cases which precede an epidemic in 
New Orleans are most apt to occur. Farther, in spite of the valuable improvements 
ill local sanitation, due in large measure to our sanitary association, it can scarcely 
be claimed that New Orleans was so clean this season that it had not filth enough to 
propagate yellow fever if present or to originate it if filth can originate it. On this 
subject a letter, published Aj^ril 6, from the ]>resident of the State board, called 
attention to many instances ol gross local insanitation, and further stated that "the 
city of New Orleans is at the present moment in the same filthy condition that it was 
in the spring of 1878, preceding the epidemic of yellow fever which inflict-ed such 
incalculable damage upon this city and neighboring towns and villages.'* Farther, 
not only did the noses of those exposed, but also the sanitary association, protest 
against the foul and stinking condition of our thirty-o<ld miles of very inefficient 
drainage canals, so that two of our thr^ most influential daily papers denounced 
them vigorously in editorials on August 13. Not only were heat and filth amply snp- 
l»lied, but the iiigli death-rate, indicative of danger, was also added thereto. For, 
although the death-rate for the ontiie season has been favorable, yet it exceeded 40 
per 1,000 for the seven dangerous and anxious weeks from May 7 to June 25. luasj- 
mucli as there was no unusual dryness until after this date, there seem to have been 
present in New Orleans, at the most favorable season for yellow fever, those condi- 
tions to wliich has been attributed the origin of this disease in other years. On the 
whole, while the evidence is not conclusive, it tends none the less to strengthen the 
belieJLjthat New Orleans owed its total exemption in 1881 from yellow fever to the 
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|>Totection provided the city, indirectly as well as directly, by its quarantine sta- 
cions. Dae credit should also be eiven for the favorable inflnence in protecting sea- 
going craft from infection ascribable to the publication Jane 28, 1879, and to thesub- 
aeij^neut wide distribution by the National Board of its admiraole ** Rules and regu- 
lations for securing the best sanitary condition of vessels, including their cargoes, 
passengers, and crews, coming to the United States from any foreign port where any 
contagious or infectious disease exists.'' 

The proof has been conclusive that New Orleans need not annually either import 
or originate yellow fever, and this proof is calculated to stimulate the increased ef- 
forts and precautions necessary to test whether the disease cannot be avoided every 
year. 

GOOD ACCOMPLISHED BY THE NATIONAL BOARD OF HEALTH. 

Granting that sanitary officers are the victims o( the usual human infirmities, there 
can be no doubt that the two services, national and State, served to stimulate the 
Tigilance and zeal the one of the other. Great confidence is felt and instances could 
be given to prove that the presence of the national inspectors did tend to increase 
the efficiency of the State sanitary authorities in the discharge of their duties, and 
that good was done thereby. 

Even unfounded rumors of yellow fever inflict much injury on New Orleans, if 
not i>roinptly denied by those in whom perfect confidence is felt. Such confidence 
was felt and expressed in the local officers of the National Board of Health even by 
Memphis, which is now for sood reason the city most easily alarmed as to yellow 
fever, that there, as everywuere else, rumors were promptly suppressed as soon as 
official assurance was given that they were groundless. My attention was called to 
not less than a dozen rumors or causes for rumors, for the most part early in the sea- 
Hon. All these proved to be groimdlcss, and when assurance was ^ven not only of 
this, but also that information would be promptly given of any which might prove 
to be well founded, the rumor manufacturers, silly and timid rather than mahcious 
people, abandoned their occupation before the season was half over. There can be 
no doubt that many persons within and many more without New Orleans bestowed 
great confidence on the National Board of Health, that great satisfaction was de- 
rived by them therefrom, and that much good was doi^e. 

The agents and officers of river craft and railroads were disciplined in sanitary in- 
spections and precautions to an extent calculated better to prepare them for compli- 
ance with the more ri^id discipline which would be indi8X>ensable in a season of 
danger for the protection of other communities. It is believed that much good was 
thus efiected. 

Finally, the presence of the officers of the National Board of Health with the 
avowed intention of re]^rting not only the truth, but the whole truth, and of hesi- 
tating at no measure within tneir power calculated to protect adjacent States, has 
tended undoubtedly to arouse discussion, to disseminate sanitary information among 
the people, and to stimulate them to sanitary progress. Much good has been ana 
will be due to this. 

Discussion is the parent of that harmony of opinion which leads to efficient action, 
from which comes progress. To one like myself, who seeks the evidence of human 
progress rather from generation to generation than from year to year, and who has 
an experience of thirty years in New Orleans, the evidences of sanitaiy progress are 
decidedly encouraging, and especially so since 1878. However, there still remain in 
our pubuc opinion such diverse views about yellow fever that there is no one view 
which cannot gather in its defense a very positive and turbulent crowd, and there- 
fore there is no one view or persistent course of action which could be adopted by the 
National Board, or any one else, that would give universal satisfaction and escape 
unfavorable criticism. It is believed that the time is approaching when New Orleans 
and other communities will become convinced that their best policy as to transmissible 
epidemic diseases is to let everything be known, and that they can by this means best 

Srotect themselves from the distrust which not only originates rumors, but also in- 
lets panics and other evils. 

RECOMSIENDATIONS. 

As my recommendations have been called for, the following are respectfolly sub- 
mitted : 

1. llie funds and ]>ower which Congress may provide should be freely used in giving 
Louisiana the assistance much needed to perfect the quarantine stations on which the 
protection from yellow fever of the Mississippi Valley, as well as of New Orleans, 
greatly depends. If this were accomplished, tneir good administrtition secured, most 
of the many vessels from infected ports left to State ouaran tines for tn^itment, while 
the few known to be infected or suspected thereof for manifestly g(K)d reason were 
refused permission to enter the Mississippi unless they had been disinfected at Ship 
Island, then the United States would have done all in the way of quarantine precaa- 



302 REPORT OF THE NATIONAL BOARD OF HEALTH. 

tion8 which an cnlight«nt;d government ought to do to protect from yellow fever the 
Mississippi Valley. Farther, whatever the National Board may be enabled to do in 
order to aid and co-opera to with the Louisiana State board inacc-ompliHhincthecom- 
nieiulable ends which it-8 president recommended on September 29, 1881, should be done. 
These recommendations were as follows : 

" Justice to th<» cnniniercial community demands that rigid rules as to the lengtbof 
<iuarantin(* should be fixed by legislative enactments, and not be left to the fancies 
of Ixmrds of health changing perpetually with i>olltical revolutions, and sometimes 
actuated l>y motives of aggrandizement for relatives and political dependents. 

*' Accordiug to tht^ existinj^ laws of Louisiana the funds derived from quanuitlDe 
should be legally devoted to its maintenance, audshoulduot be diverted by the board 
oi' health to pay either the sanitary police or the sanitary inspectors, the salaries of 
whom, according to the legislative acts of 1870 and 1877, are directly chargeable to 
the city of New Orleans. 

"An advauce iu the quarantine system of Louisiana would be effected by the 
thorough equipment of the Kigoletsand the Atchafalaya stations, and by the con- 
Htrnctiuu of a capacious and well- ventilated floating hospital for the harbor of Xew 
Orleans, to which all contagious and infectious diseases occurring amongst the ship- 
ping shouhl be immediately transferred. It is not right that cases of small-pox, 
typhus, and yellow fever should be carried from the shipping into the heart of a peat 
city, as has been the case iu former times (as was done in the case of the Excelsior in 
IHHii). There is no remedy for this evil but the establishment and thorough equip- 
ment of a lioatiiig hospital (as i>rovided by the National Board at VicksDorg and 
Memphis), and the employment of a competent physician, at a liberal salary, to take 
charge of it and to be (m duty at all times. 

•' This measure should be supplemented by the api)ointment or employment of a com- 
l>eteiit, experienced physician, whose sole duty should be the continuous insnectiun 
of the shipping and tlie prompt removal of all infectious diseases to the floating 
hospital." 

2. The continuance of an inspector at the Mississippi River quarantine station is 
very important, and such an understanding with the State of Louisiana should Ite 
arrived at as might tend to render this assignment permanent, and if it were contin- 
uous throughout the year gremter elftciency of said inspector's services would, it i* 
believed, be better secured. No proper person can be found to accept this disagree- 
able post unless liberally paid, and quarters should be provided for him and his em- 
ployes, either on the Unitt^d States warehouse grounds, which are within those of the 
<iuarantine station and are owned by the United States, or other suitable provision 
should be made. 

3. The most valuable imi)ort trade of New Orleans is with habitually-infected Rio ; 
its trade with Mexico, especially with habitually-infected Vera Cruz, is more valna- 
blo than with Cuba, and is likely to be greatly increased. For these reasons it i» 
strongly recommended that a trustworthy sanitarv inspector should be posted at Rio 
and at Vera Cruz, to render there the same valuable services now rendfered by your 
inspector at Havana. A statistical table is presented in Appendix 9 in illustration not 
only of the above factsand of the foreign commerce of New Orleans with ports rarely* 
if ever, infected with yellow fever, and with ports frequently or habitually infected, 
but also of the destructive influence of an epiaomic of yellow fever (1878) on this for- 
eign commerce. 

4. For thorough efficiency in times of danger from epidemic diseases it is as important 
to constantlv maintain the permanent nucleus of a sanitary organization, with someoHi- 
cers always m service, as it is important to maintain an army and a navy in timeof pe^ce. 
However great jiresent ignorance and opposition, civilization must ultimately arrive 
at the conviction that thoroughly organized effort is as necessary to conquer diseat^ 
lis other enemies. Notwithstanding the popular notion to the contrary, it is very cer- 
tain that very few doctors are sanitarians, and that few sanitarians in this country 
have the practical experience indispensable to efficient execution. This cannot be 
secured except through practice and discipline in actual sanitary work. Reliance in 
time of danger upon sucn inexperienced imysicians as can by chance be picked up at 
an itisiguiflcant and temporary monthly salary' is little more than blindly trusting to 
chance, and the results are liable ultimately to bring unmerited condemnation on any 
board of health forced to resort to such untrustworthy expedients. It is, therefore, 
recommended that whatever can bo done to perfect the organization of an experienced 
official corps of practical sanitarians should be done. 

If forced to continue to resort to present expedients, then it is recommended that 
all such measures be adopted as are calculated to promote the nearest attainable ai»- 
proximation to an experienced, and therefore permanent, corps of sanitary officers. 
For instance, such measures in New Orleans as follows : 

The river and railroad services, as well as the quarantine service, should be insti- 
tuted every year, whether healthy or not, from May 1 to October 1 at least. This I 
deem indisx>ensaDle to secure not only the official experience, but alao the chaerftal 
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and intelligent compliance of the public with the sanitary precautions necessary 
when danger does anse. This would now require not less than seven officers during 
healthy season. 

It isiu time of danger that disability would bo most apt to occur, and also that 
not IcHs than eight additional inspectors would be required ; therefore, not only should 
the ap]»ointment (without pay until assigned to duty) of these fifteen inspectors Ijo 
authorized long before danger arises, but authority should be ^iven to select one al- 
ternate for every inspector, to supply his place in case of disability. Farther in- 
structions should be given that, as far as practicable, the inspectors assigned to ono 
service, jw the river service, should l>e transferred to another service, as the railroad 
8er\ice, for such time as it might be necessary for each one to familiarize himself with 
the practical work of both services. Still farther, inspectors reserved for emergency, 
and all alternates, should be instructed to familiarize themselves with their duties 
by attendance, for sufficient time, on the work of those inspectors who may be on 
duty ; and in appointments preference should always be given to those who gave the 
best proof of compliance with these instructions. 

It IS believed that these measures could be carried out in New Orleans provided 
that it was understood that the members of the corps of inspectors proposed for tem- 
porarj' service in periods of danger should not be compelled to leave New Orleans ; 
for no desirable man, unless in permanent and salaried service, is likely to consent to- 
be ordered at any moment to abandon his home. 

By the adoption of the above measures there would be provided for emergencies a 
corps of inspectors not totally inexperienced in their duties, and ready, as is so su- 
premely important, to enter into the discharge of these duties without a day's delay. 

5. Other recommendations have been suggested in the accompanying reports of my 
Bnbordinate officers, to which attention is respectfully called. 

CONCLUSION. 

Your instructions ''to counsel freely and fully*' with Dr. S. M. Bemiss, resident 
member of your Board, have been cheerfully complied with, and his invariable ap- 
proval of my course has been a source of great satisfaction. In no instance has there 
been any difference of opinion, and in every instance I have received from him valu- 
able information and advice. My cordial thanks are also due for the encouragement 
and support so liberally and heartily ^ven me by the National Board of Health and 
its officers. To these evidences of satisfaction have been added proofs that the pub- 
lic was content, as it always is in prosperity, and that my course secured the decided 
approval of that enlightened faction of the people for whose approbation alone am 
I generally in any wise anxious. 
Yours, very re8T>ectfully, 

STANFORD E. CHAILLfi, 

Supervising Inspector. 

Appendix 1. 

Official correspondence concerning the assignment of an inspector of the National Board of 

Health to the Mississippi River quarantine sUUion, 

Washington, D. C, February 19, 1881. 
Dr. Joseph Jones, 

President State Board of Health of Louisiana : 

Sir: I am directed by the executive committee of the National Board of Health to 
address a communication to you relative to the resumption by the Bowl of the sys- 
tem of sanitary inspections at New Orleans of railroaos and river craft which was 
pat into operation last summer at the request of the State board of health of several 
of the Mississippi Valley States, including that of the State of Louisiana, as repre- 
sented by yourself. 

This Board is willinjo^ to renew these inspections for the coming season, but before 
assuming the responsibility involved in such action it desires to loiow whether it 
will have adequate facilities for obtaining the information necessary to enable ita 
insx>ectors to furnish positive and trustworthy certificates. To this end I am in- 
structed to inquire whether the State board of health will accede to the following 
propositions : 

1. That an in8i>ector of the National Board be stationed at the Mississippi quaran- 
tine for purposes of observation and inquiry, who shall have the privilege of inspect- 
ing, in company with the quarantine officer, all vessels arriving at the station, and 
who, in the event of a difference of opinion between himself and the quarantine officer 
as to the actoal sanitary condition of such vessels, and to the treatment which they 
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require, shall send to the president of the State board a copy of his report made to 
the National Board. 

2. Tliat an agent of the National Board to be stationed in New Orleans shall baie 
access to tlie dail^ reports of deaths received by the State board and of sickneiB 
when reports of sickness are made, and that whenever either the asent of this Boud 
or the health anthorities of the State receive information of the aUeged existence ol 
one or more cases of disease of a doubtful or suspicious character as to its being in- 
fectious, the State board agrees to send one of its officers, who, toj^ther with the 
agent of the National Board, shall investigate the case, the two parties reporting^ 
result to their respective boards. 

An early answer to these inquiries is respectfully requested. 

Respectfully, yours, J. L. CABELL, 

PrendeiU NaUtmal Board of Mealtk. 

Washington, Ma^ 17, 188t 
Hon. L. A. WiLTZ, 

Governor of lAfuisiana, New Orleans : 

Sir : I am instructed by the executive committee of the National Board of Health 
to invite your attention to a proposition submitted on behalf of the said Board to the 
board of health of the State of Louisiana in a letter of February 19, a copy of which 
is herewith inclosed. In the published proceedings of the meetmg of the State botid 
consequent on the reception of this letter it is stated that the ouestlon relative to the 
placing an inspector of the National Board of Health would be referred to your ex- 
cellency.*' It is believed that no objection will be made on the part of the State 
board or of the quarantine officer, and that both are disposed to co-operate vnlh the 
agent of the National Board in New Orleans in the discharge of the duties which have 
been assigned to him. I am also directed to say that the National Boitfd desires to 
maintain at Eadsport an inspecting station with authority to prohibit the ]^assageQp 
the river of actually infected vessels until the same shall have undergone suitable and 
adequate disinfection at the Refuge at Ship Island. It is not proposed to apply these 
measures to any other than infected vessels, the proportion of which to the rest of 
the sliippiug is so small that there will be no serious interruption to commerce, while 
tlie chances of spreading the infection will be greatly diminished. An early rep^ 
is resx)ectfully requested. 

Very respectfully, your obedient servant, 

J. L. CABELL, 
PreHdent of the National Board of ffealik. 

New Oblbans, Majf 86, 1881. 
Hon. L. A. WiLTZ, 

Governor of Louisiana : 

Sir : I resi)ect fully ask your attention to the inclosed copy of a resolution passed 
by the State board of health of Louisiana at a meeting held April 19, 1881. As resi- 
dent member of the National Board of Health, and in its behalf, I have the honor to 
inform you that the National Board deems it important to the public interests that 
the inspector therein referred to be assigned to duty at the quarantine station at an 
early date. I therefore respectfully request your assent to sucn assignment. An early 
reply is respectfully requested. 
Very respectfully, 

S. M. BEMISS, 
Member National Board ofHeaUh, 

ExECUTiVB Departbisnt, State of Louisiana, 

New Orleane, June 4, 1881. 
Dr. S. M. Bemiss, 

Resident Member of National Board of Health : 

De AK Sir : I am directed by his excellency Gk)vernor Louis A> Wiltz to acknowledge 
his receipt of vour letter of May 26^ 1881, calling his attention to the resolution of the 
State board of health, adopted April 19, 1881, imorming him that the National Board 
of Health deem it important to the public interests that the inspector therein referred 
to bo assigned to duty at the quarantine station at an early day, and requesting his 
assent to such assignment. The governor directs me to state that the request of the 
National Board is complied with by him. 

I have the honor to remain your obedient servant, 

E. W. HALSEY, 
Private Secretary, 

*0n April 19 the State board " Retolved, That this board is of opinion that it is withoat power to 
nominate or appoint any Mississippi quarantine station inspector whatever, and refers the matter of 
sncb DomihatiOB and appointment lo nia exoelifiiiic.^ \3i[i& ^-vvcuoc.'' 
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Appendix 2. 

. Reply of the LouUiana State hoard of health to President CahelL 

Office Board of Heaxth, State of Louisiana, 

New Orleans f March 13, 1881. 

A commanication from Dr. J. L. Cabell, president of the National Board of Health, 
under date of February 19, 1881, having been read at the meeting^ of the board of 
health of the State of Louisiana, at its meeting held March 10, Mr. Booth offered the 
following remarks and resolutions, as hereunto annexed. 

S. 8. HERRICK, M. IX; 
Secretary Board of Bealth. 

In the matter of the communication from Dr. Cabell, president of the National 
Board of Health, this board receives it with the consideration which its source and its 
subject alike merit, and in the nature of an answer thereto beg to submit briefly the 
following views upon its polite requests and sup^gestions : 

1. As to the resumption by the National Board of Health of the system of sanitary 
inspectors at New Orleans of railroad and river craft, as operated during last sum- 
mer, &c., this board affirms its former position of cheerful consent thereto, and will 
co<K>perato in making these inspections as usefal and as perfect as possible. 

The board trusts that the several States of the Mississippi Valley will continue their 
adhesion and support to a work so desirable and important. 

2. In the matter of facilities for obtaining information necessary to enable the in- 
spectors .of the National Board of Health to furnish positive and trustworthy certifi- 
cates, this board can only repeat its assurances that every facilitv lawfully within its 
power, or accessible to its officers, shall be given. The pledge or the boaid, given by 
President Choppin, has been loyally redeemed, and continues to be the sincere deter- 
mination of the present members. This board will hereafter, as heretofore, use every 
dili^nce to ascertain and communicate what is true with care and promptitude, and 
the National Board of Health may depend upon its agents receiving sucn assistance 
as is due them under the pledges of this board. 

3. As to the proposition that there shall be an inspector of the National Board of 
Health stationed at the Mississippi quarantine for the purpose of observation and 
inquiry, who shall have the privilege of )ns[>ecting, in company with the quarantine 
officer, all vessels arriving at the station^ and also, in the event of a diiferenoe of 
opinion between himself and the quarantine officer as to the actual sanitary condi- 
tion of such vessels, and as to the treatment which they require, shall send to the 
president of the State board a copy of his report made to the national Board, it may 
be premised that it involves Iccal points which prevent this board fiom passing upon 
it without having been referred to its counsel or to the attorney-general ot the State, 
to see by which, if any, authority this board could intervene in a matter not confided 
to it by law, that is, the nomination of officers at the Mississippi quarantine station. 

It is presumable that if this board is without authority for tue proposed step, it is 
unnecessary to enter upon its merits. 

The board is but frank in adding that it is not in doubt as to its position and limi- 
tations under existing laws, and is of opinion that it would be idle to seem to grant 
what it is powerless to enforce. Still the proposition will be referred as above, and 
the resulting opinions or actions promptly communicated. 

4. The application that an agent of the National Board of Health representing it in 
New Orleans shall have access to the daily reports of deaths is a public right open to 
and enjoyed by all who please to take advantage of it, and the press continually keeps 
the public advised of the daily mortuary. 

5. lu the matter of reported sickness not mortuary there are no formal reports pro- 
vide<l for, but when under certain conditions cases assume phases of doubt or suspi- 
cion as to their infectious character or tendency, this board follows the wise precedents 
of former boards in calling consultations with experienced physicians of high rank, 
who, together with the president of the board and its medical members, form a com- 
mittee of experts to diagnose and decide upon the status of such cases as in any man- 
ner come under review. 

It is believed that no plans so far proposed can be more likely to give correct results 
or be intrinsically better than that already in vogue, and this board has no objection 
to include among its invited experts any medical gentleman, agent, or representative 
of the National Board of Hearth who may be in rCew Orleans at the time when the 
board may deem it desirable for the ascertainment of facts to call in members of the 
profession in aid of the president and to guide the judgment of the board. 

But in all cases the board recognizes the inalienable right of the physician in attend- 
ance to Judge for himself and to give his certificate to the board on that Judgment, 
and to this end he has the undoubted right to call in consultation with him wuoeTer 
of the profession he may find convenient or agreeable to himself. 

44'J9 N B H 20 
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Wishins to meet every well-iutended overture in a spirit of fairness and CAudor, 
this board has thus passed before it all the points found in the communication of tk 
president of the National Board of Healtn. and hopes that the exnlanations madey 
pledges renewed, and information given will prove satisfactory. Tnerefore— 

1. Besolvedf That the propositions to place an inspector or agent of the Nationtl 
Board of Health at the Mississippi quarantine station be referred to the counsel of 
the board, who is hereby requested to confer with the attorney-general of the State 
as to the authority of this board to appoint or place an a^ent or inspector of the N^ 
tlonal Board of Health at the Mississippi quarantine station aa proposed. 

2. Betolredy That the foregoing and appended resolutions and views shall be taksa 
as the response for the present of this board, and that the president be requested to 
communicate the same at early convenience to Dr. Cabell, president of the Nationil 
Board of Health, with such orefatory or explanatory remarks as he may see neoes- 
sary or deem useful to be maue. 

In conclusion, the board ask to append as part of this answer two resolutions passed 
at their regular monthly meeting, March 10, 1881. (See reply below to the Suiitvy 
Association.) 

Office Board of Health, State of Louisiana, 

Kew Orleans, Afarek 15, 18B1. 

At a meeting held March 10 the following propositions were presented by the pres- 
ident, Dr. Jones, and received general assent : 

1. The headquarters of the railroad and river inspection servioe to be at the bosid 
of health. 

2. The State board reserves the right to nominate the inspectors from aetive, intel- 
ligent, and upright medical men. 

3. The inspectors to have daily access to the death list, and also to the oases re- 
ported to the board of health demanding investigation. 

4. All reports of inspectors to be furnished in duplicate to the State and National 
boards. 

A true copy from the minutes. 

S. S. HERRICK, M. D., 

Seorttary Board of Btalik 

Reply of the Louisiana State board of health to the New Orleans Auxiliary Sanitary AssSf 

otation. 

Whereas there has been laid before the board an extract from the minutes of the 
regular meeting of the executive committee of the New Orleans Auxiliary Sanitary 
A^ciation, containing statements and resolutions adopted February 26, 1881, to tbe 
effect that ** an agent or representative of the National Board of Health be seated at 
this board : alao tnat an agent or inspector of the National Board of Health be st^ 
tioned at tne Mis8i6six)pi quarantine station " ; and 

Whereas the latter of these propositions has already been suggested bv the presi- 
dent of the National Board of Health, to which a response, with reasons tnerefor, has 
been made by this board, and considering that the former of these propositions, that 
is to say, the seating of an agent or representative of the National Board of Health 
at this board, involves substantially the same question, and needs to be referred to 
counsel for advice before the board can take action thereon ; and 

Whereas it is the constant desire of this board to treat the expressed wiahes of 
their fellow-citizens with the greatest respect. Therefore — 

1. Resolved^ That the subject-matter of^said resolutions be referred to the counsel 
of the board for report, after conference with the attorney-general of the State as to 
the powers of the board to act in the premises : said report of counsel, when made, 
to be submitted to the board at its next succeeding meeting. 

2. Resolved^ That the president be requested to address an invitation to all State 
boards in contiguous or neighboring States, especially those of the Mississippi Valley, 
to be represented near this board at any time b^ accreditee! agents, to whom ahaUbe 
cheerfully accorded every facility for examination and information upon lUl matters 
affecting the public health which may in anv manner come to the knowledge of 
this board or its medical inspectors, and to whom the records of the office shiSl be 
open for examination, transcription, or study of anv statistics deemed useful or of 
public interest. And, further, that they or any of them, or any agents or represent- 
atives of any other health organizations or boards, local or national, or any citizena 
not health officials, are invited to be present as spectators and auditors at the meet- 
ings of the board, as there is transacted at such meetings only public bnainesa, in 
which the people have an unquestioned right to participate aocording to law. 
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Appendix 3. 

Extracts from the proceedings of April 2, 1681, of the New Orleans Auxiliary Sanitary As- 
sociation, 

Mr. C. A. Whitney, president of the association, took the floor and said: 
I beg to inform yon that Just prior to our last meeting I received a long commoni- 
cation from Dr. Joseph Jones, president of the State board of health, in relation to the 
resolutions adopted oy this association, respectfully asking a reconsideration of their 
action relative to the admission at their meetings, for purposes of information only, 
of a representative of the National Board and a representative at the quarantine 
station on the Mississippi River. As the letter has been published and you are doubt- 
less fumiliar with its contents, I simply submit it for your couAideration. I do not 
know that anything further can be done by us ; but, in order that a matter so im- 
portant to the welfare of this community be not utterly abandoned, and for the 
porpoee of making known the precise position of this association with reference to 
this subject, I have prepared an address, which I submit for your approval. 

"To his excellency Louis A. Wiltz, governor of the State; Hod. Joseph Shakspoare, 
mayor, aud adminiHtrators ; Thomas L. Airey, president of Cotton Exchange ; E. 
K. Converse, president Produce Exchange ; Cyrus Bussey, president Chamber of 
Commerce : 

'* At a meeting of the Auxiliary Sanitary Association, held on the 26th of February, 
the following preamble and resolntions, embodying substantially views previously 
expre8se<1 by the Sauitary Council of the Mississippi Vallev, the Chamber of Com- 
merce, and the New Orleans Medical and Surgical Association, were adopted, with 
but one dissenting vote, and were subsequently approved by the signatures of hun- 
dreds of the most ])rominent business and professional gentlemen oi the city: 

" 'Whereas the Sanitary Council of the Mississippi Valley, composed of the mem- 
bers of the boards of health and of the sanitary oflicers of the States and municipali- 
ties adjacent to and in closest relations with New Orleans, has request'Od the Louisi 
ana State board of health to invite a representative of the National Board of Health 
to attend all the meetings of the said Louisiana State board of health, and to have 
free access to all its sources of information concerning the sanitary condition of New 
Orleans and its vicinity during the season of danger from yellow fever, and another 
representative to be stationed at the Mississippi River quarantine station during the 
same period and with similar privileges ; and 

*' ' whereas it is evident that only oy compliance with this request that unreason- 
able apprehensions of danger can be anticipated, and premature and unnecessary re- 
strictions upon commercial and personal intercourse with New Orleans be prevented; 
and 

'^ ' Whereas large allowance should be made by New Orleans for the easily excited 
fears of those conminnities whose protection against yellow fever is supposed to de- 
X>end to a considerable extent u^on early and accurate information concerning its 
appearance and progress in this city and neighborhood, aud that every rational con- 
cession should be made to secure their confidence and goo<l-wiIl : 

** * Resolved, That the Louisiana State board of healtn be urgently requested to re- 
consider its late action in regard to this question, and to acquiesce in what has been 
asked by the Sanitary Council of the Mississippi Valley.' 

'' In addition, because of the vital importance of the subiect, and the long inter- 
val of more than four weeks bet ween the regular meetings of the State board of nealth. 
the association passed a resolution politely asking the board of health to hold a special 
meeting for the consideration of tne question. No response whatever was made to 
thin request ; nor did the board at its subsequent regular meeting take the slightest 
notice of the communication, not even so much as to acknowledge its receipt, now- 
evor, at this same meeting of the State board, a letter of a similar character from the 
pr«'Kident of the National Board of Health, J. L. Cabell, M. D., LL. D., of Virginia, 
was read, and definite action upon its contents postponed for another month by a res- 
olution referring certniii unimportant legal technicalities to the attorney of the board 
and the attorney-general of the State. 

''On the 26th of March, at 3 p. m.. Just one month after the action taken by the 
association, and only four hours prtivious to its regular weekly session, a paclcage 
from the Louisiana State hoard of health was placed upon the office-table of tne pres- 
ident of the association. The package was not oi>enetl until 6 p. m., when it was 
found to contain a communication from the president of the State board of health, 
dated five days beforo, March 21, and covering thirty-three pages of extra largo fools- 
cap paper, which, with the accompanying copies of letters, amounted to forty-four 
closely- written pages. Owing to their great bulk, the documents could not oe im- 
mediately read, and were not. therefore, transmitted to the meeting of the associa- 
tion, which was hold an hour later. Notwithstanding this, the communication was 
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published by iu author in one of the city newapapers the follow kng raoTniog, and 
was thus spread before the public in advance of an opportunity for \i» oonaidetitioD 
by the association. 

*' You must have observed, if you carefully read the four closely-printed colnmitt 
over the signature of the president of the board of health, that the plain andreiftm- 
able requests made by the Sanitary Council of the Mississippi Valley, and the other 
orjQ^anizations already mentioned, have been carefully evaded^ the generous and cath- 
olic spirit of the board of health paraded in glowing colors, and imaginary lecal difl- 
onlties made to assume insuperable proportions. For the purpose oraiding the board 
in the solution of these grave legal questions, we have taken the liberty to submit 
the same to several distiuffuished members of the New Orleans bar, and have the 
pleasure of herewith appenoing their replies. 

** It must bo evident, however, to the most careless reader that the spirit and tooe 
of the communication of the president of the Louisiana State board of health fumiah 
no encouragement whatever to the idea that it may yet acquiesce in the simple and 
equitable demands which have been made upon it, notwithstanding the effort made 
to convince the public that the main points were granted long before they wen 
raised. And what are these demands t At the risk of being a little tedious, we Ten- 
ture to state them a^in by quoting from the letter of Dr. Cabell, of the National 
Board of Health, which letter only repeats the requests made by the sanitary au- 
thorities of the State in closest relation with New Orleans : 

" * 1. That an inspector of the National Board be stationed at the Mississippi (fui- 
an tine station for purposes of observation and inquiry, who shall have the privilege 
of inspectinff, in company with the quarantine omcer, all vessels arriving at tiie fto- 
tio n, and wno, in the event of a difference of opinion between himself and the qnar- 
antiiie officer as to the actual sanitary condition of such vessels and as to the treat- 
ment which they reouire, shall send to the president of the State board a copy of hit 
report made to the National Board. 

*' *2. That an agent of the National Board, to be stationed in New Orleans, ahall 
have access to the daily reports received by the State board, and of sickness when 
reports of sickness are made j and that whenever the agent of this board or the health 
authorities of the State receive information of the alleged existence of one or more 
cases of disease of a doubtful or suspicious character as to its being infectious, the 
State board acrees to send one of its officers, who, together with the agent or the 
National Board, shall investigate the case, the two parties reporting to their respect- 
ive boards.' 

^^ What can be more lust or equitable to the numerous States of the valley of the 
Mississippi, which are by geographical position and commercial relations as deeply 
interestoa in the sanitary regulations of the outlets of the great river as the oitixena 
of New Orleans themselves f No demand is made for any participation in the powers 
or authority of the State boanl ; uo discreditable reflection is made upon the dignity 
of this body, no slight is put upon a single one of its members. All that is asked ii 
that the National Board of Health be panted equal opportunities for obtaining 
prompt and accurate infoniiation concerning sickness or suspected sickness of an in- 
h^ctious nature which may occur in or near New Orleans or upon the vessels which 
enter her waters and threaten to extend to neighboring States. We have no evidence 
that this has been acc^.'ded to, and the object of this address is to urge you to consider 
the serious results which are likely to follow. On the 20th of April the Sanitary Coan- 
cil of the MissiHsippi Valley, which, although a * voluntary association,' is neverthe- 
less an association of sanitary authorities, and thereby wields an immense power oTor 
the sanitary regulations of the States adjacent to the Mississippi River and its tribu- 
taries, will hold its annual session at Eyausville, lud. We are positively assured that 
at this meeting, unless the Louisiana State board of health snail in the mean time 
revise its former action, and grant without rcHervation the reasonable request which 
has been made, measures of self-protection will be recommended to the respective 
States, and New Orleans will in all i)i-obability be isolated during the whole ensuing 
summer by a most effective system of interior quarantine. 

"We have uo new su^gestious to make as to how this impending calamity may be 
averted, but whatever is to be done should be done quickly. We, as an association, 
have performed our duty in the premivses to the best of our knowledge and ability, 
and can now only make this our earnest appeal to your sui>erior authority, and leave 
the matter entirely in your hands." 

The followiu}^ are the interrogatories })ropounded to Messrs. J. A. Campbell, R. H. 
Marr, H. C. Miller, W. W. Howe. E. D. White, J. B. Eustis, and Henry J. Leevy, at- 
torney for the New Orleans Auxiliary Sanitary Association: 

<* 1. Would the Louisiana State board of health violate any laws or exceed its au- 
thority by permitting a representative of the National Board of Health to be present 
at all it<» sessions from the month of May to that of November, inclusive, to pledgv 
itself and each of its members to give said representative immediate and full inrorma- 
tlon couoerning any suspected cases of yellow fever which may occur in or a^JA* 
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eent to the city dunne the period meDtioned, and grant him equal opportunity for 
examining such cases f 

** 2. Would the Louisiana State hoard of health violate anv laTvs or exceed its au- 
thority by permitting a representative of the National Boara of Health to reside, at 
the expense of the latter, from May to November, upon the grounds of the Missis- 
sippi Kiver quarantine station, and by granting him equal facilities with those pos- 
oessed b^ the quarantine physician for obtaining prompt and accurate information 
concerning the arrival and presence of all vessels and persons infected or suspected 
of infection by yellow fever t " 

I know of no law which the Louisiana State board of health would violate, nor do 
I know in what resx>ect the board would exceed its authority by permitting a repre- 
sentative of the National Board of Health to be present at all its sessions from the 
month of May to that of November, inclusive ; to pledge itself and each of its mem- 
bers to give said representative immediate and full information concerning any sus- 
pected cases of yellow fever which may occur in or ad^iacent to the city during the 
period mentioned ; and grant him ecjual opportunity for examining such cases. 

I may add that there is a wide difierence between that which the board may have 
lawful power and authority to do, and that which it is compelled by law to do ; and 
that it miKht be necessary for the board to have occasional sessions, merely for the 
purpose of its general business and administration, at which the presence of any 
others than members of the board would be neither useful nor desirskble. 

To the second interrogatory I answer that I know of no law which the Louisiana 
State board of health would violate, nor do I know in what respect it would exceed 
its authority '^by permitting a representative of the National Board of Health to 
reside, at the expense of the latter, from May to November, upon the grounds of the 
Mississippi River quarantine station, and by granting him equal facilities with those 
possessed by tbe quarantine physician for obtaining prompt and accurate information 
concerning tbe arrival and presence of all vessels and persons infected or suspected 
of infection by yellow fever." 

R. H. MARR. 

In answer to the two questions submitted by you, and upon which you request my 
opinion, I have the honor to state that the Louisiana State board of health would not 
violate any law by permitting a member of the National Board of Health to be present 
at the sessions of the State board, or to reside at the quarantine station, for the pur- 
poses and under the conditions indicated in your questions. 

J. B. EU8TI8. 

I see nothing in the laws creating the board or governing quarantine which would 
render it illegal or impossible to grant the requests covered by the interrogatories 
stated. 

E. D. WHITE. 

The board of health is a body corporate, having an important function to perform 
for the State and clothed with powers of administration adequate to the performance 
of their public duties. Among these faculties are those for the management of their 
own affairs, and to prescribe rules for their own government. 

Your first interrogatory is whether they are competent to authorize a representa- 
tive of the National Board of Health to attend the sessions of their board ; aud to 
agree to communiiuite freely and unreservedly to that representative information 
which they may have relative to any suspected case of yellow fever which may occur 
within their jurisdiction, between the first day of May and the first day of November 
of each year, aud to allow that representative to inspect or examine such cases. We 
understand the National Board of Health to have been established to perform in the 
neighborhood, functions analogous to those of the board of health of the State. 

^th corporations are organized for a common purpose of promoting the general 
utility and protecting the health of the community. 

We cannot discern any cause for excluding either board from any opportunity for 
obtaining exact and immediate information of all that is important K>r them to know. 

That there has been no restriction upon the board of health of this State, and upon 
their authority to confer all that is contemplated in your <]uestiou upon the represent- 
ative of the National Board of Health, in our opinion, is indisputable. 

Second. The board of health is established for the purpose of maiut-aining a quar- 
antine system as essential to the security of the State. 

The members of the board must be zealous in ita support to fulfill their obligation. 

The board may employ nurses and assistants for the sick and other persons re- 
nuired to carry out quarantine duties, and to make all needful rules and regulations 
ior the maintenance of quarantine, and the hoard may establish quarantine statiom 
and make all needful rules and regulations with respect to them. 

Your second question is wliether any law would be violated by the permitting of a 
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re))re8ciitative of the National Board of Health to reside ux>on the gronnds of the Mil* 
sissippi quarantine station, and granting to him all the facilities ^owed to the rai- 
dent physician for obtaining prompt ana acoorate infonnation concerning the amTil 
and presence of all vessels and persons infected or sospected of infection by yellow 
fever. 

We answer that they have full power to grant such {permission at their discretion. 
We have examined the mles and regulations of the board of health, and find in the 
sections enumerating their powers (page 37) ample authority to them to do all which 
is contemplated to be done under either of your questions. 

J. A. CAMPBELL. 

W. W. HOWE. 

HENRT G. MUiLER. 

I have carefully examined the statutes relating to the powers of the State boaidof 
health, and fully concur in the above. 

HENRY J. LEOVY, 
Attorney for Auxiliary Sanitary As9oeiation. 

Mr. Lyman said that as the representative of the sanitary association he had at- 
tended the meeting of the Sanitary Council of the Mississippi Valley, and he wm 
struck with the manifest distrust with which the Louisiana State boara of health was 
rejQ^ardcd, and the evident desire of the council to have a National Board of Health 
ofbcer admitted to the meetings of the State board. 

While in Saint Louis, a short time ago, he had been told by the president of the 
Illinois board of health, whom he happened to meet there, that unless a National 
Board of Health officer was put in position tu obtain early and accurate information 
from the Louisiana State board of health. New Orleans was liable to be isolated. 

He offered the following resolutions relative to the matter, which were adopted: 

liesolvedj That we approve and indorse the address preparea by the president of this 
association in relation to our recommendation to the State board of nealth to admit 
at their meetings, for purposes of information only, a representative of the National 
Board of Health, and for the same purpose a representative at the quarantine statiou 
on the Mississippi River, and that we accept as our own the statements and views 
therein expressed. 

Resolved further^ That the secretary be instructed to send copies of the address to 
his excellency the governor of the State, his honor the mayor of the city, and to the 
president of the board of health, the Cotton Exchange, the Chamber of Commerce, and 
the Produce Exchange. 



Appendix 4. 

General instrwitions of ihe National Board of Health to th€ aupervising inspector at Nm 

Orleans, 

National Board of Health, 

Washington, D, C, April 28, 1«81. 
Dr. S. E. Chaill^ 

Supervising Inspector, National Board of Health, New Orleans, La. : 

Sir : I am directed by the executive committee of the National Board of Health to 
forward the following instructions for your guidance during the coming summer. 
The objects which the National Board of Health desire to secure through you are: 
First, to obtain the earliest possible information of the existence of yellow ferer in 
New Orleans or its vicinity ; second, to secure free commercial intercourse between 
New Orleans and other points so long as such intercourse is unattended with danger; 
third, when by reason of the existence of yellow fever in Louisiana, intercourse must 
be carried on with other States under certain restrictions to so arrange matters that 
these restrictions shall cause no more interference with commerce than is absolutely 
necessary ; and fourth, in case of the appearance of yellow fever in New Orleans to 
co-operate in every way to limit the spread of the disease and to stamp it out if pos- 
sible. 

I inclose herewith for your information copies of certain municipal and State ordi- 
nances recently enacted (A), from which you will see that it is only upon your cer- 
tificates, or upon the certificate of inspectors duly authorized by you, that boats 
from New Orleans will be allowed to land at the places in question during the com- 
ing summer. Your duties, therefore, have great importance, and involve a heavy re- 
sponsibility, both in preventing danger to surroundiug communities) on the one hand 
and to prevent unm^ccssary interference with the commerce of New Orleans on the 
other. 



REPORT OF THE NATIONAL BOARD OF HEALTH. 311 

The possibility of your being able to obtain the second object, by giving the cer- 
tiiicates required by the above-mentioned and similar ordinances, will depend to a 
peat extent u])ou the possibility of your obtaining from the health authorities and 
physicians of New Orleans, and of the river parishes below Now Orleans, such co-op- 
eration and information as will Justify yon in taking the responsibility of certifying 
<m behalf of the National Board of Health that New Orieans is free from yellow fever, 
or that if this disease is present it is so located and of such a character that the city is 
not " dangerously infected " thereby. In making or authorizing to be made iu behalf 
of the National Board of Health statements that New Orleans and its vicinity are 
free from yellow fever, you will consider yourself Justified in so doing only so long 
as you are satisfied that you are in receipt of prompt and reliable information as to 
the condition of affairs at the Mississippi River quarantine station and its vicinity, 
and also as to the health of the city itself, as shown by the certificates of death ana 
the absence of reports of doubtful or suspicious cases. The National Board of Health 
has received a communication from the Louisiana State board of health offering to 
the inspector of this board a commodious room adjacent to and communicating with 
the rooms and offices of the State board at the State capitol, and also requesting said 
inspector to be present as auditor and spectator at the meetings of the State board. 
A copy of this resolution (B) and of the reply thereto (C) isincK>sed for your informa- 
tion. In order that you may obtain the information above referred to, two things 
seem to be essential. The first is that you shall receive regular daily reports from 
an inspector of this board, to be placed at the Mississippi River quarantine station, 
who8«) duty it shall be to accompany the quarantine omcer iu his inspections of all 
vessels arriving at the station, and who shall in the event of any difference of opin- 
ion between himself and the quarantine officer as to the actual sanitary condition 
of such vessels, and as to the treatment which it requires, forward at once to you a 
report upon the case, furnishing at the same time a copy of this report to the presi- 
dent of the Louisiana State board of health. 

Second. That all reporta of deaths and the original returns made by the attending 
physician of doubtful and suspicions cases made to the Louisiana State board or to any 
member thereof, shall be communicated to you at once, whether they may have been 
formally presented to a meeting of the State board and entered on its files or not, and 
that if any of these cases shall appear to you to be of a sufficiently doubtful or sus- 
picious character to demand it you will upon notifying the proper officer of the State 
board be permitted to investigate the case in connection with such person or persons 
as may be appointed to accompany you by the State board. 

You will co-oi>erate with and endeavor to secure the co-operation of the Louisiana 
State board and the other sanitary and medical organizations of the city in securing 
information as to the presence of cases of yellow fever or of doubtful or suspicious 
cases of this disease. In doubtful cases, where difference of opinion may ari*<e as to 
the character of the disease, you will be guided by the rules for this purpose which 
have been drawn up and approved by the Medical and Surgical Association of New 
Orleans, a copy of which is herewith appended, marked D. Should a case of yellow 
fever, or a case which appears to you doubtful or suspicious, occur either in New Or- 
leans or vicinity, you will not announce it, except to tne resident member of tht) board, 
the president of the State board of health, the sux>erintendent of river inspection, ana 
the secretary of the National Board of Health, and will leave to the secretary of the 
National Board of Health the responsibility of announcing it; but in case you are 
called on for information in this regard by the health authorities of other States and 
municipalities you will furnish such information to the best of your ability, subjeet, 
however, to the approval of the resident member of the National Board of Health. 
You will furnish tne information above directed as to the presence of oases of yellow 
fever whether yon are able to secure the co-operation of the local board or not, and 
you will understand that this applies to suspicious cases aa well as to cases the nature 
of which is clearly established by diagnosis to be yellow fever. It must be constantly 
borne in mind that the occurrence of a case or even of two or three cases, of yellow 
fever in the city of New Orleans is not in itself a sufficient cause for cessation of com- 
mercial intercourse with that place or to cause it to be proper to declare New Orleans 
to be a *' dangerously-infected^' citv; and while it is proposed to keep the health au- 
thorities of surrounding States and cities as promptly and fully informed aa ]>ossible 
as to the actual sanitary condition of New Orleans as regards the existence of yellow 
fever there, the National Board desires to use its best influence to prevent an^ 
undue restrictions upon the travel or traffic from that city until it becomes evi- 
dent that danger would result from their continuance. The action to be taken by 
the National Board of Health in the event of the occurrence of a case of yellow 
fever in New Orleans must depend nreatly upon the precise point in the city where 
such case appears, its relations to the commercial portions of the city, its tendency 
to spreadi d&c. You will be careful to keep this office fully advised, and, when nec- 
essary, by telegraph, of all these facts with relation to tlie earlier cases, and also 
as to what steps are being taken to secure isolation, systematic disinfection, &e* la 
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case yellow fever appears in the city of New Orleans daring the sonuner, it is the de- 
sire of the National Board to co-operate in every way with the health anthorities of 
the city to restrict the spread of the disease and to stamp it ont if possible, and to this 
end it will be prepared to pay for such services and materials as are necessary fortius 
purpose. It will, therefore, become your duty, as its representative and chief exeeo- 
tire agent in New Orleans, to decide what measures are necessary and proper for tbe 
purpose indicated, and to see that they are applied as promptly and as energeticillf 
as possible. 

Detailed instruction as to method of procuring funds and supervising of accoanti 
to be incurred, &c., will be furnished from this office. 

You will please make arrangements to commence a system of Inspection of steam- 
boats bound up the river upon the Ist of May, the methods of inspection and the gen- 
eral form of certificates to be giveu being those employed in the inspection oflast 
year, subject to such changes a.s may be approved hereafter; fortius purpose yon ue 
authorized to employ, subject to the ai>proval of the executive committee, two in- 
spectors at a rate of compensation not to exceed $150 per month, which shall include 
all allowances and expenses, and in case you deem them necessary, two sanitary po- 
licemen at a compensation not to exceed ijSO per month. 

It does not at ])resent seem necessary to undertake any system of complete railroad 
inspections, the only precaution in this direction which is desirable being the exam- 
ination of freights as was done last year. 

You will please furnish at onco the names of gentlemen whom you would recom- 
mend as suitable for inspectors of steamboats, &c., and also for the position of in- 
spector at Mississippi quarantine station. In making these selections, please bear in 
mind that the gentlemen who are to perform these duties, if they are to succeed, mast 
have tact as well as knowledge, firmness, and unquestionable honesty. They will 
have no authority whatever to interfere in any way except by giving their advice. 

It is considered highly desirable by the National Board of Health that infected 
ships should be as far as possible excluded from the Mississippi River, and that yon 
will endeavor to secure tlie co-operation of the Louisiana Stiate board of health to* 
ward obtaining this result, by havin^ said board pass an ordinance similar to *'ieao- 
lution 6," passed by the Sanitary Council of the Mississippi Valley at its late meeting, 
to the effect that all vessels frt)m ports in which. yellow fever is prevailing, or from 
ports where contagious or infectious diseases are reported to exist shall be inspected 
at Eadsport, and if any such be founfl to be infected, or to furnish reasonable ffronnd 
for suspicion of infection, such vessel shall not be allowed to pass Eadsport nortDwiae, 
except upon presentation of a certificate from the inspector of the National Board of 
Health at the Ship Island quarantine station, setting forth that the vessel has been 
subjected to proper treatment and is free from liability of convening contagion. Ton 
will furnish to tnis office a weekly report of the ordinary operations of your depart- 
ment, inclosing in it the reports of your subordinates, and, in case of an emergency, 
you will keep this office fnliy advised of the situation, using the telegraph tcSdlj, ii 
necessary, for this purpose. 

Finally, it is especially desired that you will keep Dr. S. M. Bemiss, resident mem- 
ber of the board in New Orleans, fully advised at all times of the information which 
you may receive and the operations of your office. You will submit to him all reports 
which you may make, obtaining his opinion thereon, and counsel freely and folly 
with lum with regard to all your operations. While the board will hold you, and 
not Dr. Bemiss, responsible for the management of its business in New Orleans during 
the coming summer, and does not desire to occupy his time with its work, unless 
under exceptional circumstances, it desires, nevertheless, to have the benefit of bis 
knowledge and counsel in all matters pertaining to sanitary work in New Orleans or 
its vicinity. 

I am, doctor, very respectfully, d&c, 

T. J. TURNER, 
Secrttary NationaX Board of Health, 



Documents r^erred to in Ike foregoing letter of insimolione, 

A. 

Office of the Board of Health, 

Memphie, March S9, 1881. 

T. J. Turner, M. D., 

Secretary National Board of Health, WMhington, D, C: 

Sir : I have the honor to forward you the accomi>anying attested quarantine ordi- 
nance of the legislative council of tne taxing district of Shelby County Tthe city of 
Memphis) and the resolutions of this board of health relating thereto, aaopted this 
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day. In support of these resolutions I respectfully urse the paramount necessity 
of timely preparation in order that» before tne advent of warm weather and its at* 
tendant oangers, the inspection service and other precautionary measures may be 
thoroughly understood and in satisfactory operation. I cannot help regarding the 
coming summer season as a critical one for the experiments of protecting the publio 
health of the Mississippi Valley by a system of sanitary inspection and surveillance. 
UiK>n its success during the current year in a great measure depends the stability and 
progress of preventive medicine in this region. If it is reasonably successful under 
the circumstances of fair tests, which there are just f^ounds to apprehend will arise, 
its continuance and future development may be considered assured. 

But-, should it fail, no matter from what cause, the valley communities, per force 
of puolic opinion, will resume the old system of non-intercourse local quarantines, 
with their manifold drawbacks, costly and vexatious interruptions to commerce ana 
travel. 

At least one unavoidable cause of failure, namely, inadequate preparation and un- 
due postponement, should not be imputed to us, and it is to be hoped the National 
Boanl will extend the co-operation and aid asked for promptly, and, as fur as prac- 
ticable, eflfectively. 

It is respectfully submitted, in viewof recent developments, that inspections should 
be begun m New Orleans as much earlier than May 1 as practicable. 
I am, sir, respectfully, your obedient t»ervant, 

G. B. THORNTON, M. D., 
President Board of Health. 

QUARANTINE ORDINA>XE. 

First. Be it ordained by the legislative council, That on and after May 1 no steam- 
boat, bar^e, tu^, tugboat, or other water-craft comins from any point south of the 
port of 3(&mphis shall be allowed to enter or land at this port without havin^^ a clean 
bill of healtn or inspection certificate, issued or countersi^ed by an inspecting offi- 
cer of the National Board of Health stationed at quarantine on President's Island, 
showing that such water-craft, its outfit, furniture, d&c, and its passengers and crew 
are in such condition of health and freedom from contagious ana infectious diseases 
as to make it safe for such craft to enter and land at this port. 

Second. Be it further ordained. That any captain, owner, employ^, or other per- 
sons or officers in charge of such boat, barge, or other water-craft, who shall violate 
this ordinance shall l^ arrested, and upon conviction before the president of the 
board of fire and police commissioners, be fined not less than |1 nor more than $50 for 
each and every onense, and such boat or other water-craft shall at once, upon land- 
ing or entering in violation of this ordinance, be removed beyond liie limits of the 
port. 

Passed May 27, 1880. 

D. T. PORTER, PretidenL 

Attest : C. L. Pullen, Secretary, 

Office Board of Health, 
Taxing Dietriet, Shelby County, Tenn,, March 29, 1881. 
Dr. T. J. Turner, U. S. N., 

Secretary National Board of Healthy Washingtont D, C, : 

Dear Sir : At a meeting of the board of health hold to-day the following resolu- 
tions were pa^^ : 

Beaolvedy That the National Board of Health be respectftUy requested to place on 
duty at New Orleans, and such other Southern ports as may be deemed necessary*, an 
inspector or inspectors, whose duty it shall be to supervise the shipment by rivei 
or rail of any goods, merchandise, baggage, Slc.^ and to advise (by cipher telegram) 
the resident member of the National Board of Health in this city, or in the event 
of his absence, his official representative, whenever such shipments are believed to be 
infected or in any wise dangerous to the public health, and that the National Board 
instruct its resident member to promptly notify this uoard of the shipment of such 
such infected or dangerous goods, &c., for this city. 

Beeolvedf That the quarantine grounds and buildings on President's Island be again 
tendered to the National Board of Health for use as an inspection station for the en- 
forcement of nuarantine ordinance of the taxing district, which takes effect May 1. 
proximo, and tor the general purposes of the inspection service of the National Board 
of Health. 

Beeolvedf That copies of these resolutions and of the quarantine ordinance be trans- 
mitted to the Secretary of the National Board of Health at Washington. 

R. B. KING, M. D., 
Secretary Board of Mealtk, 
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ViCKSBURG, Miss., Fo^uwry 12, 18dl. 

To the Secretary National Board op Health, 

Washington f D. C: 

Dear Sir : At a regular meeting of the board of mavor and aldermen, held on thft 
eveniDg of Febmary 7, the following resolution was adopted, to wit: 

Re$omdy That the National Board of Health is hereby earnestly requested to pat in 
operation the inspection of steamboats and other water-craft between this city and 
toe city of New Orleans by the fifteenth day of May next, and that a copy of theaboTe 
ordinauce and resolutions be forwarded to the National Board of Health at Washing- 
ton, D. C, for their action. 

Hoping to hear from your body at an early day, I am, most resT>ectfiilly, ^., 

T. G. BIRCHETT, 

Inclosed find ordinance — 

Whereas the presence of yellow fever at Vera Cruz, Mexico ; Rio de Janeiro, Brazil; 
Havana, Cuba ; island of St. Thomas, and other tropical ports, renders it liable by 
importation to our principal seaport. New Orleans : Therefore, 

Be it ordained by the mayor and aldermen of the city of Vicksbnrg, Miss.. That 
from and after the fifteenth day of May next, no steamboat or other water-crart com- 
ing from below will be permitted to land at Vicksburg, discharge freight, or put off 
Sassengers, unless said craft shall have a certificate from a sanit-ary inspector of the 
ational Board of Health that she has complied with the inspeotion roles and regu- 
lations of said board. 



B. 

New Orleans, La., April 16, 1881. 

Extract from minutes of meeting held Jpril 14, 1881. 

By Mr. Edward Booth : 

Besolvedy That this board concurs in the opinion of the State boards of some of the 
river States, that the National Board would do well to commence its river and rail 
inspection s on or about the first of May, and that this board cordially indorses the in- 
vitation already extended by its president to such inspector or inspectors as may be 
commissioned by the National Board of Health to occupy the commodious room a^a- 
eent to and communicating with the rooms and offices of this board at the State cap- 
itol,and that the inspector or inspectors aforesaid are requested and urged to be pres- 
ent as auditors and spectators at the meetings of this board, with a view to give effi- 
ciency to the wishes of the National Board oi Health, expressed through its president, 
Dr. Cabell, under date of February 19, that it may have adequate £scilities lor obtain- 
ing information necessary to enable its inspectors to furnish positive and trustworthy 
certificates. 

The resolution was adopted by the following vote : 

Yeas — Messrs. Hernandez, Marks, Formento, and Booth. 

Nays — Messrs. Loeber, Brewster, and Beard. 

A true copy. 

S. S. HERRICK, M. D., 
Secretary Board of Health, 

C. 

National Board op Health, 

Washington, AprU 96, 1881. 
Dr. Joseph Jones, 

President of the State Board of Health of Louisiana : 

Sir : I am directed by the executive committee of the National Board of Health to 
acknowledge the receipt of your communication of the 15th instant, transmitting ex- 
tracts firom the minutes of the board of health of Louisiana of April 14, 1881, and to 
inform you that Dr. S. E. Chaill6. of New Orleans, has been appointed supervising 
inspector of the National Board or Health for the coming season. I am farther in- 
structed to say that in accordance with the recommendations of your board, and those 
of other State boards of the Mississippi Valley, the river inspections will commence 
on or about the 1st of May. On behalf of the executive committee I return its thanks 
for the offer of a conmiodious room to be occupied by the agent of the National Board, 
in the same building with and adjacent to the rooms of the State board. The invit*- 
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tion to be present at the meetings of the State board will be communicated to Dr. 
Choill^, who will be instructed to use his own discretion in the matter. 
Very respectfully, yours, 

J. L. CABELL, 
President National Board of Health, 

D. 

[The following document has been approved, so far as the dia^osis of jrellow 
fever is concerned, not only by the New Orleans Medical and Surgical Association, 
but also by the Orleans Parish Medical Society and by the Louisiana State Medical 
Society.] 

For sanitary purposes the following groups of symptoms shall be considered to in- 
dicate yellow fever : 

Group trst. — A person after (a) a sudden attack has (5) a 'fever of one paroxysm, 
attended with (c) marked congestion or blood stasis of capillaries of the surface, con- 

i'unctiviB, and gums, with (d) a history of probable exposure to infection and (e) no 
listory of a previous attack of yellow fever. 

Group second, — A person after (a) a sudden attack has (b) a fever of one paroxysm, 
followed by (c) unusual prostration, (d) albuminous urine, ^e) yellowness of conjunc- 
tivas or skin, and having (h) no positively authenticated history of previous attack 
of yellow fever. 

Group third, — A person has (a) a fever of one paroxysm, (b) albuminous urine, (o) 
black vomit, (d) suppression of urine, or (e) general hemorrhagic tendency, under {h) 
circumstances where exposure to infection is a possibility. 

1 . Suspicious oases ofyettowfever, — For sanitary purposes the following symptoms asso- 
ciuted with a fever of one paroxysm, in a patient who has apparently been exposed 
to infection and has never had jciXow fever, shall be held to Justify (if occurrinff 
between May 1 and November 1) in either of the six following cases a suspicion m 
this disease, viz : 

First. Suddenness of attack, either with violent pain in back and head, ii^Jected 
eyes and face, or with marked congestion of the superficial capillaries. 

Second. Want of that correlation between pulse and temperature usual to othei 
forms of fever. 

Third. Albuminous urine. 

Fourth. Black vomit. 

Fifth. General hemorrhagic tendency. 

Sixth. Yellowness of skin. 

The following cases shall also be deemed suspicious : 

Seventh. Any cases respecting which reputable and experienced physicians disagree 
as to whether the disease is or is not yellow fever. 

Eighth. Any case respecting which efforts are made to conceal its existence, full 
history, and true nature, in violation of section 28, city ordinances of May 18, 1870, 
and section 22, city ordinances, June 24, 1879. 

lu the event of the death of a suspicions case a post-mortem examination should be 
made when practicable. Both before and after aeath yellow fever is specially and 
l>re-eminently characterized by the fact that it is par excellence a hemorrhagic fever, 
marked by capillary congestion and its sequela ; hence post-mortem evidences of a 
general hemorrhagic tendency in internal organs, especially in the digestive in prefer- 
ence to the urinary tract, shall be held to confirm the suspicion. 



Appendix 5. 

The following report of Dr. F. Formento was unanimously adopted on May 19, 1881. 
by the Louisiana State board as its replv to the propositions contained in the general 
instructions of April 28 of the National Board of^ Health, which propositions were 
submitted to the State board on May 13 : 

I have carefully examined and studied the communication made to this board at its 
la.st meeting, Mav 13, 1881, by Dr. Chaill6, supervising inspector of the National Board 
of Health, and I have ffiven to the important subject laia before us all the considera- 
tion and attention it deserves. 

This communication is of great interest. The propositions which it embodies are so 
vjiried in their character and purpose, the measures submitted for our approval and 
couKent are so momentous, that body fh>m which these proposals emanate is entitled 
to HO much respect, that we deem it our dutv to examine them seriatim, and at what 
will perhaps be considered too great a length. 
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Propo9iiion No. 1 reads as follows : *' That all reports of deaths and the original le- 
tnms made'by the attending ph.^icians of doubtful or suspicious cases of yellow fever 
to the Louisiana State board of health, or to any member thereof shall oe commani- 
cated to you (the supervising inspector) at once, whether thev haTe been formally 
presented to a meeting of the State board and entered on it« files or not, and that if 
any of these cases shall appear to yon (the supervising inspector) to be of a suffi- 
ciently doubtful or suspicious character to demand it, you (supervising inspector) will, 
upon notifying the proper oflScer of the State board, be permitted to investigate the 
ease, in connection wit b such person or persons as may be appointed to accompany yoa 
by the State board." 

The proposition, which is almost a literal reproduction of a resolution approved 
April 19, 1881, by the LouiHiana State board or health, is unhesitatingly accepted. 

Propimtion So. 2. — •*Tliat the State board will consent to a modification of the 
resolution lately adopted by it relative to investigation of cases so as to provide that, 
unless the report be ultiuiately unanimous, a majority or minority report shall be 
made to both boards, this being the course suggested by the National Board of 
Health/' 

With due respect for the suj^f^estions of the National Board, the Louisiana State 
board still adheres to its opinion, embodied in the resolution already adopted by it, 
that there should be only one report sent to both the National and State boards, viz, 
the report of the majority of the investigating committee. By the resolution to 
which we refer, the State board has constituted that investiffatins committee in a 
manner calculated to give the greatest security to both boards ana to the public at 
large as to the correctness of the decision at which they may arrive. One of them 
is to be selected by the National Board of Health, the other by the State board ; m 
case of disagreement, these two are to select an umpire of their own choice, having 
all the necessary qualifications as to competency and character. A decision arrived 
at by a majority of a tribunal so composed presents all the guarantees in point of 
certainty and correctness which may be expected in all human affairs, and we think 
that it would be improper and dangerous to impair the authority of such a decision 
by suffering a counter-report to inSuence the public mind, and create perhaps a gen- 
eral panic. All measures adopted by either board, based ujpon such a majority report, 
will be more favorably received by the community and will inspire general confidence; 
the enforcement of such measures will be rendered thereby easier, and will be more 
willingly submitted to. In most cases the boanls would be without elements necessary 
to enable them to decide between two conflicting reports. By the adoption of one 
report the duties of both the National and State boards of health will be greatly far 
cilitated; all hesitation or controversy will be avoided in time when delay may be 
fatal ; measures of sanitation recommended will acquire greater weisht and will be 

1)ro<lnctive of more beneficial results. These are the reasons which induced oar State 
>ourd of health to adopt the one-report plan, and for the same reasons, it feels com- 
pelled to refuse their assent to the second proposition. 

Proposition No, 3. — "That in view of the great imx>ortance of securing the reports 
of the earliest cases of yellow fever, and the special stress laid upon this point in his 
(the supervising inspector's) instructions, which, either through ignorance or ne£li- 
geuee of those upon whom the State board is forced to depend, might not otherwise 
be reported, the board (Louisiana State) bo requested to approve of his (the super- 
vising inspector's) issuing an appeal to our physicians, medical and sanitary organi- 
zations, 4&c., to furnish him with such iniormation as tney may haye. He (the super- 
vising inspector) pledges himself, on condition of the approval, to report any infor- 
mation so secured as may be of value to the State board.*'^ 

It seems to us that such an appeal on the part of the supervisii^g inspector of the 
National Board is superfluous. Our rules and reflations make it compnlsory on the 
part of erery practitioner of medicine, surgeon, druggist, master of any water-craft, 
boarding or lodging house keeper, principals or masters of any boarding-school, or 
seminary, &c., to report, within twenty-four hours after the same may come under 
their treatment, cognizance, or supervision, all cases of contagious, infectious, epi- 
demological diseases, especially cholera, yellow /erer, small-pox, dipntheria, trichin- 
iasis, typhus, or ship fever, or any of the grades of such diseases. The neglect to 
report all such cases renders the delinquent liable to a fine of twenty-five dofiars for 
each and every offense, and in default of payment thereof to an imprisonment not to 
exceed thirty days. (See article 452 of an ordinance relating to contagious and infec- 
tious diseases. No. 4916, administration series.) It is the firm intention of this board 
strictly to enforce the law on this subject. 

The persons upon whom the State board chiefly depend (and in its opinion Justly rely) 
for any information are its experienced, competent, and sworn ofiicers and the whole 
body of the licensed practitioners of the city of New Orleans. The ignorance or negli- 
gence which seems to be apprehended by the National Board of Health does not very 
certainly refer to them. Outside of physicians the appeal sought for would have to be 
addressed to the very same parties upon whom the State board depends in a manner 
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for information, and we do not see, if the danger of ignorance or negligence on their 
part exists in their relations with the State board/how the same duiger will not 
exist in their relations with the National Board. With this remark we can see no 
objection towards granting to the supervising inspector the privilege of issuing his 
appeal, it being well understood that the information which may be given to nim 
will not relieve the parties concerned fh>m the duties imposed upon them of making 
their reports, as heretofore, to the Louisiana State board, the only authority consti- 
tuted by law to receive their official communications. 

The fourth proposition reads as follows : '* In the case of yellow fever appearing in 
the city during tne summer, it is the desire of the National Board to co-operate in 
every way witn the local authorities of the city to restrict the spread of the disease 
and to stamp it out if possible, and to this end it will be prepared to pay for such 
services and materials as are necessary for this purpose. It will, therefore, become 
your dutv (that of the supervising inspector), as its representative and chief executive 
agent in New Orleans, to decide what measures are necessary and proper for the pur- 
X)oso indicated, and to see that they are applied as promptly and energetically as 
possible." 

In relation to this proposition we can but heartilv approve and congratulate our- 
selves upon the so-expressed desire of the National Board to co-operate with us in all 
measures intended to stamp out yellow fever, if possible. We should have, however, 
ilesired that the benevolent efforts of the National Board should not have been lim- 
ited to the contemplated emergency of an epidemic already existing, but should have 
bt;eu extended to measures calculated to prevent its outbreak^ tnus applying the 
luaxim so appropriately quoted by the honorable representative or the National Board, 
** In time of peace prepare for war." 

We now come to the fifth and most important proposition or request made by the 
N.itional Board to the State board of health, viz: *^It is considered highly desira- 
ble by the National Board that infected ships should be, as far as possible, ex- 
cluded from the Mississippi River, and the inspector will endeavor to secure the co- 
oi>eration of the Louisiana board toward obtaining this result, by having said board 

iy.isa an ordinance similar to the resolution passed by the sanitary council of the 
Mississippi Valley at its last meeting, to the effect that all vessels from ports in which 
.Mrllow tever is prevailing, or from ports where contasious or infectious diseases are 
reported to exist, shall be inspectect at Port Eads, ana if any such be found to be in- 
fected, or to furnish reasonable ground for suspicion of infection^ such vessel shall 
not be allowed to pass Eadsport northwise, except upon presentation of a certificate 
from the inspector of the National Board of Health at the Ship Island quarantine 
station, setting forth that the vessel has been subjected to proper treatment and is not 
liable to convev contagion." 

With all deterence and respect for the National Board, and in spite of our most 
earnest desire to establish friendly relations and promote our cordial co-operation in 
order to accomplish our most cherished object, our ambition to protect our city and 
State, as well as the States of the Mississippi Valley, from the introduction of foreign 
pestilence, of yellow fever more particularly, we must acknowledge that this propo- 
sit ion is a cause of surprise and regret to us, for it is entirely inadmissible and impos- 
sible that we could for a moment consent to it. 

Ship Island is a sand bank situatM on the coast of the State of Mississippi, 100 
miles from the mouth of the Mississippi River, entirely out of the course of any ves- 
sels coming to this port from any of tne ports most likely to be infected, such as Rio 
Janeiro, Havana, and Vera Cruz. Admitting that Ship Island was the safest and the 
best equipped quarantine establishment in the world, that the said island presented 
all the sanitary advantages, with all imaginable facilities for loading and unloading 
vessels, for provisions, &o. ; admitting that it was surrounded by deep water, per- 
mitting ships of heavy draught to loauat the piers or wharves of said establishment ; 
admitting all this, and evervbody knows that the actual facts are quite the reverse, 
we say that this State board of health has no power conferred upon it by any of the 
several acts of the legislature creating said board and establishing quarantine for the 
protection of the State of Louisiana to order vessels out of the waters of Louisiana 
to any forei«;n or domestic port, or to any quarantine station under the jurisdiction 
of the United States or any State of the Union. To assume such power would simply 
be an abuse of authority on the part of the State board, wbich would not be toler- 
ated by our State authorities nor any foreiffu power. Admitting that we should have 
the power to prevent admission in the Mississippi River of a vessel of a friendly 

Eower, doing legitimate business with our port, we have no right to force her out of 
er way; to be submitted to a thousand vexatious annoyances and trouble ; to oblise 
her to procure a certificate from the inspector of the National Board of Health at the 
Ship Island quarantine station. 

The distance from Shin Island to the mouth of the Mississippi River is 100 miles ; 
a sailing ship during bud weather and unfavorable wind might oe several days on the 
way. 
Supponing that a vessel, after obtaining this certificate, which is to open to her the 
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ffates of the Mississippi River, should have cases of yellow fever, or other infections 
diseases, to declare themselves on board of heron her way back trom Ship Island sta- 
tion to Eadsport, an occniTCuce likely to take place under this latitude daring the 
months of August and September, what then should be done with such avcSself 
Should she be sent back a second time to the national station to undergo a second 
quarantine? 

The proper place, the only one we recognize for vessels from forei^ ports bound 
for New Orleans, to be stopped, inspected^ and submitted to (quarantine, established 
by the laws of the State of Louisiana, is our State Mississippi River quarantine sta- 
tion. It is admirably situated for that purpose, at a sufficient distance from our city 
to protect us from the neighborhood of infected ships, and yet near enough to pro- 
cure provisions, supplies, acclimated laborers, physicians, nurses, &o., in case of ne- 
cessity. It offers a safe and deep anchorage to immense fleets. Thia establishment 
has, under the a4lministration of the present board of health, been pat in thoroogh 
repair at a cost of nearly $7,000. It represents a value of $60,000, with large ware- 
houses for storing cargoes ; also, facilities for loading or unloading at the wharf. It 
has telegraph communications will all parts of the world. It is the best equipped 
and organized quarantine station outside of New York. 

The rules and regulations govemius our quarantine station are sufficiently strict 
to procure complete protection from foreign pestilence with aa little detention and 
obstruction to commerce as possible. 

Should we accept the proposition to inspect vessels at Eadsport and not allow them 
to pass north wise, except upon the presentation of a oertificate of the inspector of the 
National Board of Health at Ship Island; in other words, should we force (if we had 
such power) the Ship Island quarantine upon foreign or domestic commerce, we shonld 
at once, to be consistent, abolish our State board with its well-equipped and costly 
quarantine establishments in the Mississippi River; we should at once abandon the 
power and authority conferred upon us bylaw ; we should abandon the fulfillment of 
our sworn and sacred duties, that of protecting ourselves, the lives of our pecyple, the 
interests of our commerce, not confiding to others, however great and powerful they 
may be, that sacred obligation. 

Commerce once destroyed, as it would surely be by the enforcement of this stranM 
and unnatural quarantine which is sought to be imposed upon us, we might as well 
abandon all our rights, powers, and duties, for Louisiana would no longer need any 
protection. It would be entirely ruined, and would soon disappear from the fiamily 
of States. For all these reasons, and manv others which we could add to these, we 
respectfully refuse to indorse the fifth and last proposition submitted to ua'by the sa- 
pervising inspector of the National Board of Health. 

In considering the above-mentioned proposition emanating fh>m the National Board 
of Health, we have acted fairly, honestly, good intentionally, as we have done on all 
occasions in which points of dissension have arisen between the National Board of 
Health and the Louisiana State board. We consider it our duty, we deem it is due 
to both ourselves and our fellow-brothers of the National Board, to give fully and 
explicitly our honest opinions and convictions on subjects of such vital importance 
as those that relate to the public health. 

We hereby reiterate our most earnest desire to extend our friendly relations with 
all sanitary organizations — with the National Board of Health more partioolarly. 
The object we are striving for is the same ; public health is our aim and ambition. 
Each organization, in its own sphere of action, has its share of usefulness, and con- 
tributes to the public good. From the combined yet distinct efforts of all, beneficial 
results will certainly be accomplished. We of the Louisiana State board shall always 
be found ready to co-operate, to the utmost limit of our power to do so, in all meas- 
ures having in view the interest and welfare of our common country. 

Prior to the unanimous adoption of this report by the State board. Dr. Chaill6 
urged upon its attention the fact that the adoption of the Ship Island proposition 
could not possibly prove so disastrous that Louisiana *^ would be entirelv mined and 
would soon disappear from the family of States"; for in 1880 there had not been a 
single vessel, and in no one year had there ever been recorded more than six Tessels 
which presented such evidence of infection that the National Board of Health would 
have required them to co to Ship Island. In proof that these were the views of the 
National Board of Health, a letter to the above effect from its president was read. 
None the less the vote taken on the report after this information was given was unani- 
mous. The fact and the need for correcting various misapprehensions on the subject 
rendered necessary the following : 

Beply to the above, read at the meeting of the LouUiana State hoard, held June 9, 1880. 

To the Louisiana State Board of Health : 

Gentlemen : In your report, adopted May 19, in reply to the five propositions of 
the National Board, submitted to you on May 13, you use the following encouraging 
lADga&ge, 
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'* We consider it our duty, we deem it is due both to ourselves and to our fellow- 
brothers of the National Board, to sive fully and explicitly our honest opinions and 
convictions on subjects of such vital importance as those that relate to public health. 
We hereby reiterate our most earnest desire to extend our friendlv relations with all 
sanitary organizations — with the National Board more particularly. The object we 
are Btri vine for is the same ; public health is our aim and ambition.'' ^' We of the 
Louisiana State board shall always be found ready to co-operate, to the utmost limit 
of our power to do so, in all measures having in view the interest and welfare of our 
common country." 

The present representative at New Orleans of the National Board heartily recipro- 
cates these sentiments, which oncoura^ him to believe that you will patiently listen 
to some '* honest opinions and convictions " opposed to your own, and that you are 
as anxious as he is to rid every question between you and the National Board of all 
misapprehensions and false issues. 

On one subject, which may be termed the Eadsport and Ship Island quarantine 
question, it is respectfully but firmly believed that your report gives proof of serious 
misapprehensions respecting the position of the National Board on this question. In- 
asmuch as this same position has been taken by the sanitarv council of tne Mississippi 
Valley, and also by the Auxiliary Sanitary Association and the Medical and Surgical 
Association of New Orleans, it is not likely that disscussion will cease until all mis- 
apprehensions have been removed, and some general conclusion has been reached on 
the true issue. As to what I may say on this subject, I beg leave to remind you that, 
although I represent in this city, for the summer onlv, the National Board, I still re- 
main one of your constituents ; that, as a citizen of Now Orleans, my love for it, my 
home reputation, and my money interests, all located here, greatly exceed any temp- 
tations which the National Board could possibly present me : and, therefore, that my 
convictions are not those of a salaried partisan, but of a fellow-citizen who has the 
permanent welfare of New Orleans nearest his heart, and who cannot be in any way 
so greatly benefited as by promoting its ])ix)sperity. 

loa have refused the request of the National Board — that you would co-operate 
with it in not permitting vessels 'infected or furnishing reasonable grouuds for sua- 

Sicion of infection " to pass Eadsport without evidence that they had been thoroughly 
isinfected at the Ship Island quarantine station, for the following reasons, as ex- 
pressed in your report or in the discussion which followed : Because it would be ille- 
gal to grant this request : because vessels would forfeit their insurance policies ; 
because the commerce of New Orleans would be so destroyed that even LK)uisiana 
would be ruined ; and because the Ship Island quarantine could not furnish protec- 
tion as efficient as is giveu by your own Mississippi River quarantine station. These 
four reasons for your refusal will now be considered. 

1.— THE ILLEGALITY. 

On April 12, 1880, you reftjrred this question to the Hon. J. C. Egan, attorney-gen- 
eral, who, on April 22, thus replied : '* I consider that for the purpose of quarantine 
it would be in the power of your board to order ships coming to this port back to 
Ship Island as a condition to their entry, if, in your opinion, such a measure would 
tend to the better security of the State from infectious diseases." In addition to this 
official opinion I have consulted three of the most distinguished legal firms in this 
City, and all of them agree, oven a member of one of these firms who doubts the 
expediency of such action, that your board has the power in question. Hie Hon. 
T. J. Semmes expressed his opinion in these words: '^The State board of health has 
the power to exclude vessels from entering the Mississippi River, and as a necessary 
consequence can prescribe the terms of a£nission." My confidence in these opinions 
is so iirm that nothing, unless a contrary decision by our highest courts, is Ukely to 
shake it. 

The attorney-general adds to his conclusion the opinion that you ought not, with- 
out the personal service of your own agents, to regard the certificate of the chief 
medical officer at Ship Island as *' conclusively satisfactory." No one has called in 
question your power and right, on making the requested concession, to impose such 
conditions as may be proper. The National Board would cheerfully consent to your 
posting one of your own inspectors at Ship Island itself, as well as at Eadsport, who, 
with your officers at the Mississippi River quarantine, could certainly furnish such 
additional evidence as would be '* conclusively satisfactory" to you. 

Finally, on this question of legality, it is worthy of your attention that local boards 
in adjacent States have not been embarrassed by it. By some of these boards infected 
vessels have been prohibited, until after their thorough disinfection at Ship Island, 
fh)m entering their ports ; by this measure, the only practical one, these boards have 
enforced the advice of the National Board, which has never attempted itself to exer- 
oiM any forcible compulsion, either on local boards or on infected vessels. 
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2.~FOBF£ITURE OF INSURANCE. 

The same lesal Anns were consulted on thU (question, and the reply wasnnaDimoiu 
^hat vessels remsed admission by you to the Mississippi River and advised to proceed 
to the quarantine at Ship Island would not by their compliance forfeit their policies. 
My attention was called to the highest authorities on the law of marine insumnoe, 
to Parsons, Phillips, Amould, and Kent, all of whom substantially agree that a policy 
is not forfeited unless the vessel deviates without adequate cause from its prescribed 
route ; that ''no act done under compulsion can be regarded as a deviation '': tha^. 
the oraers of officers of a State are compulsory ; and that compulsion, even if illegal, 
protects the policy from forfeiture. 

Four of the most noted presidents of our most respectable insurance companiea 
were also consulted, and these likewise united in the opinion that vessels would not 
forfeit their insurance policies. They added that, should your board take the action 
required by the National Board, the underwriters in this city could take instant 
action to quiet every question ; and that the same action could be taken, with brief 
•delay, by underwriters in other ports whether domestic or foreign. 

This evidence has satisfied me that vessels, if required by you, whether indirectly 
•or directly, to proceed fh>m Eadsport to Ship Island for quarantine purposes, would 
not forfeit their insurance policies; and that if there were any such danger, the 
remedy would be promptly and easily found. 

3.— DESTRUCTION OF THE COMMERCE OF NEW ORLEANS. 

Yon are requested to prohibit the passage above Eadsport of any vessels whatever, 
•except only tnose *' infected or furnishing reasonable grounds for suspicion of infec- 
tion.'' The amount of injury to commerce will depend on the proportion which the 
number of such vessels bear to the total number of vessels entering the Mississippi 
River. It is believed that the number of the latter has varied during the past ten 
years from about 800 to 1,300 anuually . To estimate the number of the former I have 
^xamiued the evidence for the past ten years in the annual reports of your board, 
and have found that these contain nothing whatever to indicate that there has ever 
anived in any one year more than six vessels, either infected or which would have 
been under any interpretation suggested by the National Board reasonably suspected 
of infection. Your report for 1^) is the most satisfactory one on this subject vet 
published, and is for an unusually prosperous year. Out of 1,271 vessels entenng 
the Mississippi River you did not deem it a wise precaution to detain more than the 
exceptionally large number of 151, and of these there was not one which was either 
infected or reasonably suspected of infection. Only one vessel out of the total 1,271— 
the bark Excelsior — ever gav^e any evidence either of infection or of reasonable sus- 
picion of infection ; and ^our own report also shows that there was no evidence of 
this at Eadsport, nor until this vessel reached New Orleans. Now, it is respectfully 
eubmitted that the detour of not exceeding six vessels annually from Eadsport to 
JShip Island and back could not prove by any means disastrous to the commerce of 
New Orleans. 

It may well be urg^ed that the phrase ** reasonable grounds for suspicion of infec- 
tion ^* is a very elastic one and liable to great abuse. But no one has disputed your 
power to fix precise limits to the si^uificatiou of this phrase, and to assign to du^ at 
Eadsport your own inspector, together with an inspector of the National Board, with 
-orders to enforce no interpretation except your own of this phrase. It has never been 
denied that you alone have all the power in this matter, and therefore can dictate 
your own conditions. An inspector of the National Board at Eadsport could not, 
ander present laws and regulations, exercise any more power there than its inspectors 
now at New Orleans and at the Mississippi River quarantine station exercise at these 
places, unless you saw fit to delegate to him some part of your own power. Surely 
It would be easy to check, when and how you pleased, the least tendency to injure 
the commerce of this cit^, whether this tendency was oi was not justified by wise 
precautions for the public health. 

These facts satisfy me that the injurv to our commerce would prove iosi^^nificant in 
comparison with the popular misapprehension on the subject, and slight in compari- 
son with the good it is believed would ensue. 

4.— SHIP ISLAND QUARANTINE NO ADDITIONAL PROTECTION. 

The National Board long since declared that it had no desire to '' abolish the State 
board," nor to usurp " the power and authority conferred upon it by law," nor cause 
you '* to abandon the fulfillment of your sworn and sacred duties," nor to impair the 
resources of your board. On the contrary, the National Board would rejoice to see 
your power and resources increased ; for. disregarding less selfish consideration, is it 
not evident that, since it is a paramount duty of the National Board to aid and co- 
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operate with local boards, the greater the iuiluence of these the greater must be its 
owiiT 

The Natioual Board has requested yon to co-operate with it iu pi-oviding New Or- 
leuiut with what, it is believed, would prove an additional protection to the publio 
health, and urges this for the sake, not only of this city, but also of laauy adjacent 
comnjunitics wlio firmly believe themselves in constant danger whenever New Orleans 
becomes infecteil. Would the Ship Island quarantine, as a station of refuge Tor in- 
fected vessels, furnish uny additional protection t Stripping the disagreement be- 
tween the two boards of all misapprehensions and false issues, this, in my opinion, 
is the sole qncstion for consideration. 

On May 8 1 inspected your Mis8issi])pi River quarantine station, and testify, with 
pleasui*e, that I fmmd it better than I had expected, and tnat I detected nothing to 
indicate that the ofiieers in charge were not discharging their duty to the best of 
their ability, and as efficiently as the circumsLiinces and the ujenns at their disposal per- 
mitted. But I think that our future proU'.ction demands that these circumstances 
and means should be fully appreciated, fi)r thus only can our legislature be induced 
to give you the liberal Jiid required, and thus only can we secure from others needed 
synipathy and aid. 

You report that Louisiana has on the Mississiiipi River " the bev«4t equijiped and 
organized quarantine station outside of Ne^- York." As I have not inspected all of 
the others I cannot add my testimony to yours, but I do know that no place in the 
United States has proved it^jelf as Ijablo to yellow fever aa has New Orleans, and, 
therefore, that our quarantines should be second to none in efficiency. Dispensing 
with minor criticisms, 1 found two verj^ great defects at the chief one of our three 
quarantine statiims. 

Firsi.. If there be any police force it is intwlequate to prevent communication be- 
tween the quarantine grounds and the neighborhotMl ; it is inadequate to prevent the 
passengers and crews of infected vessels from eonnnuuicating with uninfected vesm^lo 
and with the residents below, above, and over the river (q))»osite to the station ; it iir 
iuade<|uate to prevent such passengers and cr^ws from occasionally avoiding at Eads- 
port or elsewhere your ({uarantine and in reaching this city by to wheats or otherwise; 
and it is inadequate for the j)rotection of Ead:4port itself, as ttistitled by Capt. Jamew 
B. Eadsin his letter ]>ubliahed this day in the Democrat. Unless more amply provided 
with funds I do not believe it in your power to remedy this defect. 

Second. Sanitation demands tlie thorough cleansing of an infecte<l vessel, and this 
necessitates the discharge of its ear^o, while commerce demands that these things 
shall be done promptly and economically, and these demands require an abundant 
supply of cheap labor. When inspecting the Mississippi River quarantine station I 
fonnd one vessel paying $6 a day to every laborer, and the number secured by importa- 
tion from New Orleans was inadequate, even at this price, to insure the thorough and 
pnunpt unloading, cleansing, and reloading requisite for the conjoint interests of 
sanitation and commerce. This grave defect ia also out of your power to rectify. 
Nevertheless, however powerless you may be respecting the two defects cited, sani- 
tarians and merchants, or both, will remain dissatisfied until some remedy for them 
is found. 

The first defect is so inseparable from quarantine stations on the mainland that 
sanitarians unite in demanding their location on islands. Beside this inestimable 
a4lvantage, I have been assured that an ample supply of laborers can be obtained at 
Ship Island for iS^y a mouth. I'Mrther, I have much more confidence in the ability 
and will of the United States to make its station at' this island as perfect as is prac- 
ticable than I have in your gaining either from the legislature of this im]>overished 
State or from the council of this impoverished ci\ y the aid necessary to perfect our 
three quarantine stations — an end which must he accomplishe<l, unless we are to con- 
tinue tampering with half-way measures. Appreiiating fully our great misfortune 
that LouiHiana has no island for a quarantine tstat^on at the mouth of our river, and 
that Ship Island is so distant therefrom, and conoe\liug that the three reasons now 
given in favor of this station may not be consulereU conclusively satisfactory, I will 
advance an additional reason, which, combined with the othera, has sufficed to con- 
vince me that good policy dictates concession to the request of the National Board. 
The health authorities of the atljaoent States of th Mississippi Valley demand this 
concession as necessary to their protection, and c»t»clare that, if their demand is not 
heeded, tiu^y will be forced to interrupt «Mir conuL^erce with them on the least sus- 
picion of danger. Yellow lever is a public enemy, un<l our neighbors have as much 
ri'ibt to a voice in its «'xolusion from the Mississippi Riv<'ras upon the exclusion there- 
fi'oui of any other public enemy. Louisi^ina has not hesitated, when to its advantage, 
to vociferate that the Mississippi River is a national highway, and that all the States 
Hh(»ul(l contribute to its jetties and levees; now, when other States demand what they 
think essential fin* the iirotection of their health, shall Louisiana inconsistently reply 
that the mouth of this naticmal highway is exclusively under its control, and shalj \^ 
managed regardless of their wishes T 

4429 N B H 21 
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5.~GENBRAL CONSIDEBATIOlfB. 

Several additional oonsiderations deserve attentioxL Should our hope of gieatly 
increaeed prosperity be falfilled, then it is certain that onr nnaoolimated population 
will increaeo, and thereby onr danger of infection and onr need for additional pioteo- 
tion. Further, our travelinff facilities will also be notably increased ; with tm»tiie 
danger of infecting our neighbors, and with this their demands for better protectioB. 
These anticipated conditions will, it is to be hoped, continue to strengthen the piei- 
sure both within and without this city to keep itself clean and uninfected, and to 
adopt every reasonable precaution to attain these ends. Hence, it is idle to expect 
the present issue will <^e out, and if it be not met fairly and generously, then. wDen 
disaster overtakes us, » it may in spite of all efforts and concessions. New OrleiDa 
will find itself a helpless victim to tne indignant distrust and hostile action of its 
neighbors. In this matter the National Board represents not only a large number of 
your fellow-citizens, and, in my belief, the health authorities of adjacent States, bat 
also the same generous country which overwhelmed this city in 1878 with millions of 
dollars of bounty. Is it fitting to refuse a concession urged by such applicants, and 
to attribute to a mean spirit ofcommercial Jealousy their anxiety to shield timid com- 
munities, which are not hardened by habit to our dreadful scourge, nor protected as 
we, in lur^e num bers, are by acclimation f They ask no more than an apparent sacrifice 
of an insignificant fraction of our foreign tropical trade in lieu of wnat they deem 
better security both for them and for us, and in lieu of annual Jeopardy to our inesti- 
mably more valuable interstate commerce. For my part, I advocate proving to onr 
neighbors that we love them as ourselves, and I therefore would concede to them a 
voice, though opposed to our own, in controlling the importation of yellow fever into 
the mouth of our great national highway. 

Your concession would result, I am confident, in diminishing our risks of infection, 
and thereby would tend to promote our ^rowiug grain trade, our European imports, 
our houie manufactures, and our languishing summer business. Your concession 
would cortaiuly accomplish the very desirable end of giving notice — as apart from the 
consideration of an inspector at Eadsport, should, I think, be given by you — ^to all 
owners, agcuts, and captains that vessels certainly infected shall no longer be per- 
mitted even to enter our river, but must, when destined for the Mississippi, proceed 
directly lo the refuge for such vessels at Ship Island. By such measure you would 
teach them a niuch-noedcd lesson, namely, to enforce that better sanitary construc- 
tion and regulation of their vessels which has enabled some steamship lines to ply 
between Havana and New York for a decenniad without having had a single case of 
yellow fever on board. This good result alone weighs heavily in the balance against 
the slight temporary injury to our commerce, and would, by permanent advantages, 
ultimately more than compensate this commerce. 

Further still, your concession would give you greater influence in eventually pro- 
moting measures most desirable for our commerce ; such, for instance, as gaining the 
aid of the United States in establishing quarantine stations perfectly satisfactory ooth 
to adjacent States and to Louisiana ; and such as the stationing of aaniti^ officers 
both at Rio and Vera Cruz, whereby our intercourse with these ports would be ren- 
dered much safer, and the interests of our coffee and other trades would be greatly 
promoted. 

In conclusion, gentlemen, it is my conviction that this question merits your further 
consideration, your personal inspection of the Ship Island quarantine station, and of 
all the subjects pertaining thereto^ and that you would give great satisfaction to 
many of your fellow-citizens, within and without this State, should you consent to 
reconsider your refusal, based on what I have now stated my reasons for believing, 
were misapprehensions of the position on this subject of the National Board. 
Very respectfully, yours, 

STANFORD E. CHAILLfi, 
Supervising Inspector National Board of Health. 

On June 16 Mr. I. N. Marks, the president of an insurance company and a member 
of the State board, read before it the following communication in support of the posi- 
tion taken on the subject by the board : * 

My position on the insurance question, as connected with the Ship Island quaran- 
tine, has not been properly stated. 

I do not claim that if compulsion or force was used by the National or State au- 
thority^ in sending a vessel from the mouth of the river to Ship Island that such devi- 
ation in the voya<;e would vitiate the insurance on vessels and cargo if an accident 
occurred during the deviation. 

I lay down the following propositions: 

1. That neither the National or State board of health has the legal right to compel 
an infected vessel or one having the suspicion of infection, destined to the port of 
New Orleans, to deviate from her direct voyage and proceed to Ship Island or any 
other point outside of the territory of Louisiana. 
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2. That Anch legal power not being vested in the State board of health of Loai8ian% 
that the captain of a ship, taking it from the mouth of the river to Ship Island on 
the simple order of an officer of the board of health, would be (on his part) perform- 
ing a voluntary act. 

3. That apart from the illegality of any such order, the necessity for a complianoa 
with it or for its execution does not exist. 

4. That the State of Louisiana has (under its laws) provided a well-ordered, thor- 
oughly-equipped, and efficient quarantine station to which all vessels from infected 
ports must go for detention, inspection, fumigation, and disinfection. 

5. That, the foregoing being admitted, it would be unwise and unnecessary to at- 
tempt to illegally rorce a vessel to j^roceed to a place unfit, from its geographical posi- 
tion, its proximity to the thickly-mhabited coast of Mississippi, its constant inter- 
course with the inhabitants of said coastj its want of a safe anchorage for vessels, its 
constant exposure to storms, for quarantme purposes. 

6. That if the captain of a vessel, in the absence of physical force, and in the face 
of the want of a necessity for the act, takes his ship from Eadsport to Ship Island, 
in the eyes of the law he voluntarily deviates frx)m his voyage, and vitiates the in- 
surance on vessel and cargo. 

7. That if the State board of health possessed the physical power (and it does not) 
to forcibly take a vessel to Ship Island, and an accident happened to said vessel, and 
the insurance companv paid the loss, the said company could, in my opinion, recover 
from the board of health the amount involved, on the just ground, that the loss had 
been occasioned by an illegal act on the part of said board. 

The foregoing propositions I distinctly lay down and maintain. 

The writer in the Democrat, whose communication I have read, makes certain ex- 
tracts from Philipsand Parsons on Marine Law, giving only such portions of suchsec- 
tious quoted as suits his purpose, suppressing or withholding the more important (in 
this case) conclusions. He quotes as follows: 

Philips says : " The doctrine of deviation has reference to voluntary acts or to neg- 
lect, and not to unavoidable interru|^)tiou of the voyage.^* Vol. — , sec. 984, page 565. 

Philips does not terminate his section as above, for at the word '* voyage" he uses a 
semicolon, and not a period, as S. quotes it, and then goes on to explain his opinion 
by adding: " Such as, the vessel being driven from tne course in a storm, or being 
taken possession of by a mutinous crew. But in case of a master of a vessel going 
out of harbor, by order of the captain of a frigate lying near, to examine a Strang 
sail, Lord Ellenborough ruled it to bo a deviation^ remarEing that if he had gone by 
by compulsion, and under threat or just fear of violence, it would not have been so.'' 

Philips again says, sec. 983, page 566, vol. 1 : ** It is not necessary to a deviation or 
change of risk, whereby the underwriters are discharged, that the degree or period of 
the risk should be thereby increased. The assured has no right to substitute a differ- 
ent risk." 

S. quotes from Parsons as follows : Parsons says, ** Deviation applies only to a vol- 
untary act. The definition shows that any chance which can be justified or shown 
to proceed from a just cause is not deviation." vol. 2, sec. 5, page 28. 

Parsons continues: "And of course no act done under compulsion can be regarded 
as a deviation. The change of risk, to operate as a deviation, must not be only vol- 
untary but unnecessary ; or, rather, if it be necessary, it must be considered as com- 
pelled rather than as voluntary." 

From tho foregoing it seems perfectly clear that the attitude of this board upon 
this question is correct, legal, and rational. 



Second proposition in reference to the Eadsport and Ship Island quarantine question. 

National Board of Health, 

New Orleans, La., June 16,1881. 
Prof. Jos. JoxES, M. D., 

President Louiniana State Board of Health : 

Dkar Siu: In the invent that your board declines to reconsider its refusal (May 19) 
of tlio appliralioTi (May l:i) of the National Board for permission to station at Lads- 
port an iiispoetor, wiili ])o\v('r to prohibit iufeeted vesselH from entering tlie Missis- 
sippi KiviT until after their thorough disinlVction at the n*fup* ntation at Ship Island 
for such v<*s.so1h, it is nspecttuUy ur^ed tliat y«)ur hoard consider the expediency of 
adoj»tinj^ such measures as would tend to cause infected vessels hound for the Missis- 
sippi to proceed ditretlif to the Ship Island quarantine station for thorough disinfection 
prior to attempt in jr to enter t he mouth of said river. This result might be accomplished 
by tho a<loption of a regulation prohibiting vessels which have any cases of yellow 
fever on board, or which have had any such cases while either at the port of depart- 
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nro or en nmte from pasting into the MississiDpi until such yeeselsy yery few in num- 
ber, have been thoronghly disinfected at Snip Island. 

The public advertisement of such a regulation, together with the notification thereof 
of pilots and of consuls, would promptly diminish to the utmost tiie inoonyenienceto 
commerce, and it is believed that ample power to execute such a regulation will be 
found in section 1 of tho act of Coufpress '* to prevent the introduction of contagiona 
and infectious diseases into the United States," approved June 2, 1879. 

Such a regulation would cause three good results : It would induce those who con- 
trol vessels bound to this port to adopt oetter sanitary measures for protecting their 
vessels from becoming infected; it would furnish additional protection to this dty; 
and it would very surely give an additional feeling of security and great satisfaction 
to all communities in close commercial intercourse with New Orleans. 
Very respectfully, yours, 

STANFORD E. CHAILLfi, 

Supervising Inepeelor. 

Officb Board of Health, State of Louisiana, 

^010 OrleanSy JWneSS, 1881. 
Dr. S. E. ChaillA, 

Supervising Inspector National Board of Health : 

Dear Sir : I am instructed by the president of the board to acknowledge receiptor 
your two communications of recent d!ates : one relative to a steam-launch for the use 
of Dr. Patton at the Mississippi quarantine station, the other relative to sending in- 
fected vessels to the Ship Island c^uarantiue. The communications were read by ^e 
president to the board, but no action was taken thereon, the president being simply 
requested to acknowledge the receipt of the same. 
Respectfully, your obedient servant, 

[L. 8.] S. S. HERRICK, M. D., Seoretary. 

The above was the only reply ever received to the preceding and following letters, 
except that Dr. Jones stated verbally that he doubted the board's power to appoint 
a sanitary policeman on the United States steam-launch, and that ne did not admit 
that there was any improper communication rendering it necessary. 



National Board of Health, 
New Orleans, La., June 10, 1881. 
Dr. Jos. Jones, 

President Louisiana State Board of Health : 

Dear Sir : In case I should apply to the National Board of Health for permission to 
send its steam-launch to Mississippi River quarantine for the use of our officers there, 
would you agree to place on it a sanitary policeman, with authority to use said launch 
for, among other purposes, preventing improper communication with said quarantine 
station and with New Orleans f 
I believe that, with this understanding, the permission might be given me. 
Yours, very truly, 

S. E. CHATTJifi, 

Supervising Jnspeelor. 



Appendix 6. 

Office of the SuPERVisiNa Inspector of the 

National Board of Health, 

Netv Orleans, May 24, 1881. 

Dear Sir: It has been made my primary duty, as 'Hho representative and chief 
executive agent" in this city of the National Board of Health, to obtain the earliest 
possibly iniormation of the existence of yellow fever in New Orleans or its vicin- 
ity. To fnltill this duty, I am instructed, among other measures, to endeavor to secure 
from the '* physicians of Now Orleans and the river parishes below New Orleans," 
and from the ^' sanitary and medical organizations of the city," prompt information 
'* as to the presence of cases of yellow lever, or of doubtful or suspicious cases of this 
disease." 

There are three considerations which deserve your attention when detennining tho 
question whether you will contributo this infonnation. First, the health authorities 
of neighboring States insist that prompt uotitication of the whole truth respecting 
the axipearanco of yellow fever in New Orleans is indispensable for their own protec- 
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tion, and warn ns that any failure to famish this information will force them bo to 
act that far greater detriment would thereby resalt to this oitv than from reports of 
all the facts. Second, all must concede that, if the spread of >ellow fever can be 
prevented, sanitary measures should be speedily applied to the very earliest oases, 
whether real or reasonably suspected. Third, the laws of Louisiana, as well as the 
regulations (authorized bv the laws of the United States) of the National Board of 
Health, inferentially declare that yellow fever is a portable disease, inasmuch as 
they provide means to prevent its^ importation and its spread, and the ordinances of 
the city of New Orleans enforce the same view by enjoining the prompt report of all 
cases of this disease to the State board of health j hence all law-abiding physicians 
and citizcus are bound to facilitate the application of these measures, even though 
they, in some instances, may be convinced that our laws are founded in error, and that 
no available measures can be or will be ai>plied to prevent the importation and spread 
of yellow fever. 

The laotH justify this application to yon for the aid indicated, and while you are 
under no le^al obligation to give this aid to a sanitary officer of the National Board 
of Health, it is none the less believed that your compliance would not only promote 
The public welfare and the interests of science, but would also relieve you, in respeot 
TO tlie public health, from a very grave responsibility officially imposed on others. 

Where the objection of the patient or of his attending physician would make my 
inspection of the former, in company with the latter, unadvisablo, the attendingphy- 
sician is earnestly requested to keep and promptly to report a careful record oi the 
history of every ca8<? which he knows or fears to be yellow fever ; and the same 
ciuir'-e is cleoined very desirable respecting all eases of hiemorrhagio malarial fever, or 
other fevers which sinnilat'C yellow fever. Any summons for or report to me should 
be Kent to inv office, in the tfiird storj' of the University building, at the corner of 
Common and Baronne streets, or to my residence. No. 24 South Kampart street, be- 
tween Common and Canal streets, and any necessary expense incurred therefor will 
bo refunded. If there should be satisfactory cause 'to request it, Dr. S. M. Bemiss, 
resident member of the National Hoard, would, no doubt, consent to serve as my sub- 
stitute in examining any canes or supposed cases of yellow fever. 

In order that you may better understand the character and purpose of the aid re- 
quested, a i)rinted copy of my official iiiKtructions is inclosed, to which, and espec- 
ially to Ap]>endix D, your attention is solicited. 

Since it is most important that I should know what are to be the sources of infor- 
mation upon which I can rely, you are earnestly requested to reply to this communi- 
cation, furnishing y<mr full address (and, if in the country, the location of yourprao 
tice), and stating whether you will be good enough to give the aid solicited. 
Verv resi)ectfullv, vours, 

STANFORD E. CHAILLfi, M. D., 
Superviaing Insitector of the National Board of Healthy 

P, O. Box 1689, New Orleans, La. 



Extract from a latter of the former health officer at Port Eadn to Dr, ChailU, 

'* I wish to call your attention to matters pertinent to your circular. Quarantine 
is established in this State forty miles above Port Eads. Vessels from all parts of 
the world come to an anchor at this place and stay during their pleasure, many of 
them from iniecte<l ])ort'S. Often the captains, and sometimes their wives and child- 
ren, come ashore aud go to New Orleans, either on the mail-boat, tow-boats, or steam- 
ers. There is always more or less communication between the vessel and shore, per^ 
sons go aboard, and there is no restriction upon intercourse. 

" The customs officers and crew are not acclimated ; tliey come and go with perfect 
fi-eedom, and the custom-house is in the midst of the settlement. '^ 

Here follows a statement of a supposed case of infection by yellow fever on a ves- 
sel in 18T8, and the exposure of Eaidsport in the same year to small-pox infection. 

'^ My object in writing the above is to impress upon you the importance of having 
flome one here to represent the National Board of Healtn, or the State board, or both, 
with authority to board all vessels, especially those from infected places, and to pre- 
vent their remaining here. It seems to me that this place is liable to start an epi* 
demic at any tiuje, and if there is any virtue in quarantine restrictions here is tne 
place to commence work. Your representative here should have a boat and boatman, 
and should go to each vessel. I assure you this is a very important matter, and In 
m^ humble opinion your quarantine regulations are very defective without this plaos 
being guarded against. 

"J. H. 8T0CKLEY. 



** Former Health Officer to Jetty ConpoMy, 

''Port Ead$, La., Mag 90, 188L' 
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BYIDSKGB OF DB. RTAK. 

Bepart of ike wrooeedingB of the Louitiana State hoard of health on July 28, from the IMi 

IHoayune of July 29, 1881. 

**A oommunioation was read from Dr. Ryan, quarantine physician at Port Eads. 
stating that the telegraphic operator there hoaMed eyery vessel which arrived, and 
that the officers and employ^ of the cuHtom-house, after hoarding vessels from in- 
fected ports, occasionally arrived in New Orleans some days hefbre the vessel. Dr. 
' Jones stated that the operator had no authority whatever from the hoard to hoard 
ve«Hels, and thatthecolleotorof the port would be notified of the charge made against 
the officers and employes of the custom-house at Port Eads.'' 

On July 28 the State board ^^ Resolved^ That a committee of three he appointed by 
the president to investigate the discretionary powers of the q^uarantine physician 
in regard to allowing acclimatt^d persons to come up to the city from vessels from 
infected or suspecttMiport*, and to draft recommendations for his guidance in such 
cases that come under section 3 of the act of March, 1855." 

On August 1 1 the report of the committee was adopted, and was as follows : 

^' Your committee, after a careful consideration of the whole subiect, beg leave to 
report that, whilst they do not believe that Dr. J. F. Finney, resident physician at 
the Mississippi River quarantine station, has abused the power conferred on him by the 
act of 1855 relative to acclimated persons, still we consider the fact of allowing accli- 
mated per8<ms to hold communication with or to come from ships detained at the 
Quarantine station to be of such grave importance to the public nealth of this city 
uiat the matter is one that ought to be under the immediate direction of this board: 
Therefore, be it — 

** Resolved J That Dr. J. F. Finney, resident physician at the Mississippi River quar- 
antine station, bo instructed not to permit any person, acclimated or unacclimated, 
to leave any ship, for any purpose whatever, detained at the Mississippi Biver quar- 
antine statiou, without a reconmiendation from Dr. Joseph Jones, president of the 
State board of health." 

On August 18 a member of the State hoard reported to it, in reference to the 
Rigolets quarantine statiou: ^'Inspoctfon is the gist of the whole matter, and this 
should be conducted very differently from the manner set forth in the sworn testi- 
mony before the board." 



Appendix 7. 

Charges against Quarantine Inspector Patton, 

At the meeting of the Louisiana Stato board of health, September 15, 1881, Dr. 
Jones said he bad been requested to read the following letters : 

QuARANTI^^c Station, Mississippi River, La., 

September 12, 1881. 
Dr. Stanford E. Chaill]6, 

Supervising Inspector National Board of Health : 

Dear Sir : I have hereby to acknowledge the receipt of your letter inclosing ex- 
tracts from New Orleans papers, in which my name occurs in a complaint ma^ by 
Captain Calloway, of the British steamship Historian, to the State board of healtn 
as to tbe treatment of his vessel at this statitm and the conduct of the quarantine 
officers. As to his charge that I am in the habit of visiting the Buras settlement, I 
have to state that I have occasion to do so at least three or four times every week, 
as there is no post-office nearer. 

I have had no ** guests" in the sense implied by Captain Calloway. Early during 
mv stay here my wife was with me for several weeks, and since her departure two 
otner members of my immediate family, my wife's young sisters, have been keeping 
house for me. They are here with the consent of i)r. Finney ; they have nothing to 
do with quarantined vessels, and as, in addition, thev are acclimated, I can see no 
possible objection to their presence. I make this explanation to you, thoug^h in gen- 
eral I would not feel called upon to ex])lain matters affecting solely my private do- 
mestic arrangements. As regards the charge that 1 telegraphed that a suspicions case 
of fever had occurred on the steamship Historian, you know yourself that this is ut- 
terly false, and you have my authority for so denouncing it through the press if you 
BO prefer. 

In conclusion, I beg to remain yours, very respectfullv, 

G. FARRAR PATTON, M. D., Inapeotor. 
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National Boakd of Health, 
New Orleans f September 14, 1881. 
Prof. Joseph Jones, M. D., 

President Louiitiana State Board of Health : 

Dear Sir: Iu Justice to Dr. Patton, inspector National Board of Health, I would 
be obliged if you would have read at the next meeting of your board his inclosed 
communication [as abovo] iu reply to the charges publicly made against him by Cap- 
tain Calloway at the session of your board ou September 8. 

Respect iu}r the charge that Inspector Patton reported a suspicious case of fever on 
Captain CulToway's vessel, I coudrm Dr. Patton's denial of said charge as false. 

^s to the charges that he improperly visits the Buras settlement, and entertains 
'^guests" at the quarantine station, I would be obliged if your board would indicate 
whether Inspector Patton has iu any wise violated, in view of his statement of the 
facts, any laws of this State, or any of the rulei^ and regulations of the Louisiana State 
board of health, which laws and regulations it is the imperative duty of all inspect- 
ors of the National Board of Health to comply with. 

Yours, very respectfully, STANFORD E. CHAILLfi, 

Svperviaing Inspector National Board of HealtK 



[Neither of the two communications immediately following were forwarded to nor 
received by the supervising inspector until October 3. — S. E. C] 

Extract from the minutes of the hoard of health State of Louisiana at its meeting September 

15, 1881. 

A communication from Dr. ChailK?, supervising inspector of the National Board of 
Health, was read, accompanied by a copy of one from Dr. Patton, inspector of the 
National Board at the Mississippi quarantine. Dr. Patton asserted that his alleged 
guests at the station are members of his family, residing there by permission of the 
resident ])hy8ician, and fully acclimated. He has to visit Buras two or three times a 
week, as it is the nearest pnst-oflice. 

The president held that Dr. Patton had violated the law. 

The l)oard was censured last year ou account of communication between the sta- 
tion and Buras. 

The president stated that, after the charges of Captain Calloway, of steamship His- 
torian, had been made before the board, he had called upon the governor, his excel- 
lency Louis A. Wiltz, and inquired whether any permission had been granted to the 
supervising inspector of the National Board of Health stationed in New Orleans, or 
the inspector of the National Board of Health stationed at the Mississippi quaran- 
tine, to introduce any parties either as guests or as the crew of a steam-launch upon 
and within the grounds of the Mississippi quarantine station. The governor stated 
that he had not granted such permission. After obtaining this information, he had 
addressed a letter to Dr. Finney, quarantine physician, Mississippi station, making 
inquiry into the (questions involved; up to the present date no reply has been re- 
ceived from Dr. Finney ; but, wheu received, it will be laid before the board at the 
regular meeting. 

In reply to an inquiry addressed by Dr. Jamison, whether the inspector of the Na- 
tional Board of Health had violato<rtho laws of the State, the president said that by 
sec. 6 of "An act to establish <iuarantino for the protection of the State," approved 
March, 1855; sec. 1 of "An act supplementary to an act," approved March 18, 1858; 
and sec. G of '* An act to establish quarantine tor the protection of the State, to create 
a board of health, and to define its powers and duties," approved March IC, 1870, and 
sec. 7 of "Act 80, to reorganize and render more efiicient the board of health of the 
State of Louisiana," approved April 20, 1877, the board of health was placed abso- 
lutely nnd uuc<»u(litioually by the general assembly of the State of Louisiana in 
charge of the MissiHsippi (piarantine station, and of all others within the limits of 
the State ; and no one, whether an inspector or supervising inspector or member of 
the National Board of Health, had the right to introduce people under any pretext 
whatever within the quarantine stations of the State without the permit of the 
board of health, and in accordance with the rules and regulations or the board of 
health f^overning quarantine stations. (See codified acts of legislature and rules and 
regulations of board of health, pp. fil and 52.) 

Dr. Formeuto and Mr. Brewster found no violation of law on the part of Dr. Pat- 
ton. 

Dr. Jamison thought Dr. Patton's sense of propriety ought to guide him there. 

Mr. Booth introduced a resolution on the subject, ' which was rejected by the fol- 
lowing vote : 

Ayes — Jamison, Marks, Booth. 

Noes — Formento, Bean, Hernandez, Lananx, Brewster. 

A true copy. 8. S. HERRICK, 

Seeretary Board of Sealik. 
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Officb Board of Health, State of Louisiaka, 

New Orleans, September % 1881. 
Dr. Jambs F. Finney, 

Resident Physician Mississippi Quarantine Station, 

Dear Sir : The board of health of the State of Louisiana has received infonnatioii 
to the eifcct that G. F. Patton, M. D., inspector of the National Board of Health, has 
ontertniuod, uud ia now entertaining^, upon and within the limits of the anarantine 
gruiiuds of the State of Louisiana, one or more individuals, and also that tue said in- 
spector of the National Board of Health keeps a steam-launch, with one or more men, 
at tiie MisHJsMippi qnarantino station, and that in company with his guests, and ^th 
the (!rew of his steam-launch, holds communication with the inhabitants of Uieoppo- 
sito buuk of the Mi88i8sip])i River, in the village known as the Buras settlement. 

Ah Dr. G. F. Patton, inspector of the National Board of Health, was upon the re- 
qnoHt of the executive committee of the National Board of Health permitted by the 
governor of L(Hli^4iaua to reside at the quarantine station for the purpose of furnish- 
ing, under e«TtJiin delinito coiiditions, information as to the absence of yellow fever 
and the sanitary condition of the shipping, the president of the board of health of the 
State of L«)nisiana visited his excellency Governor Louis A. Wiltz, and inquired 
whel her permission had been granted to the inspector of the National Board of Health 
to entertain gueHt« at the Mi8Hi88ii)pi quarantine station. 

His exeellcficy Governor Louis A. Wiltz stated that he had granted no such privi- 
le«i:e to the inspector of the National Board of Health, and that he had been permitted 
to reside at the Mississippi quarantine station in accordance with the proposition 
enunciated in the cunnuunicatiou of Prof. J. L. Cabell, M. D., president of the Na- 
tional Board of Health, addressed to the president of the State board of health, on 
the li)th of February, 1881. 

His oxeelleney Governor Louis A. Wiltz regards the inspector of the National Board 
of Health, residing by his permission at the Mississippi quarantine station, as subject 
to the quarantine laws of the Stat<) of Louisiana as embodied in the organic acts of 
the legislature, and ho holds that his permission granted to the National Board of 
Health nuiy at any time be revoked. 

Your attention as resident physician of the Mississippi quarantine station is directed 
to the following proposition contained in the letter of Prof. J. L. Cabell, M. D., presi- 
dent of the National Board of Health, of February 19, 1881. 

" Ist. That an iusi)ector of the National Board of Health be stationed at the Mis- 
6i8sii)pi quarantine for the pur]»o8e of observation and inquiry, who shall have the 
privilege of inspecting, in conijmny with the quarantine officer, all vessels arriving 
at the station, and who, in the event of the difference of opinion between himself and 
the quarantine officer as to the actual sanitary condition of such vessels and as to the 
treatment which they require, shall send to the president of the State board a copy 
of the rej>ort made to the National Hoard." 

No ot her terms have been considered, either by his excellency the governor, or by 
the board of health of the State of Louisiana, with reference to the presence of an 
agent of the National Board of Health at the Mississippi quarantine station, than 
those just quoted as enunciated by the executive committee of the National Bo^rd 
of Health through its president. 

The resident pliysician of the Mississippi quarantine station will therefore, in view 
of the preceding facts and statement, furnish the board of health of the State of 
Louisiana specitic re))lies to the followiag questions : 

1. Has the inspector of the National Board of Health, stationed at the Mississippi 
quarantine station in accordance with the permission or Governor Wiltz, conducted 
himself in accordance with the terms laid down in the propositions of the National 
Board of Health just quoted! If he has'not, give full particulars. 

*2. Has the inspector of the National Board of Health introduced any guests or em- 
ployes within or upon the quarantine grounds of the State of Louisiana at the Mis- 
sissippi quarantine station; if so, by whose permission have said individuals been 
inintroduced within the boundaries of the quarantine as established by the laws 
of Louisiana ? 

3. Has the inspector of the National Board of Health violated the laws of Louisiana 
by holding communications with vessels from infected ports and with the inhabitants 
oi the opposite bank of the Mississippi River f 

4. Has the inspector of the National Board of Health had yellow fever T 

X}. Have the individuals alluded to as his guests and cmploy<Ss ever had yellow 
fever f 

The resident physician at the Mississippi quarantine station is respectfuUy urged 
to forward his replies to the above inquiries at the earliest practicable moment. 
Respectfully, 

JOSEPH JONES, M. D., 
President Board of Health State o/LouitUuia. 
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[ Tho following letter was published September 30, as a part of the proceedings of 
the Lonisiana State board on September 29. ] 

Mississippi Quarantinb Station, September 13, 1881. 
Joseph Jones, M. D., 

President Board of Health State of Louisiana : 

Di:ar Sir : Tour communication of the 6th instant has been received, and in an- 
swer to tho. qncstions therein contained I respectfully make answer as follows : 

1. In reference to the inspector of tho National Board of Health at this station con- 
ducting; himself in accordance with the terms of tho proposition of the National Board 
of Health to tlie State board, he certainly has not, and in more instances and ways 
tlian ono. In tho first place he has exceeded the bounds of his duty and the (super- 
ficial) object of his ai)pointment iu his letti»r to the representative of the National 
Board at New Orleans, containing comments on the expense to vessels from Bio de 
Janeiro in undcrtroing quarantine at this station, and suggesting as a remedy that 
all vessels from Rio bo advised throtij^h the United Stat<^8 consul at that port not to 
tra<le with New Orleans from May to November of each year. In this same letter no 
complaint is made of the ineflScacy of tho system of disinfection and purification of 
thfS4.^ vessels at tliis station, but objection is raised to the having to truck cargoes of 
ootU^'a <li-<tanoe o^ [U)0 feet from tlie vessel to tho warebouse (on tho ground of ex- 
peu'^e), (luring wliieli pror<*ss snoli verilication of the cargo is acquired as could be 
obtained in no better manner. I fail to s<'e anything in the terms of the proposition 
of the National Board wliich jnstities its insj)ect<»rs at this station to make inquiries 
into tiie expense incurred by V(?ssels subject to quarantine regulations of this State, 
and still less that 1k^ should take upon himsolf the responsibility of advising vessels 
from Rio toceas*^ tluiir intercourse^ with us, and consequently destroy our commercial 
relations with this port. 

Now, as to the expense of vessels from Rio in undergoing the quarantine at this 
station, they are certainly as reasonable as those of any other port where similar 
measures of purili<'ation, disinfection, and fumigation are resorted to; and, further- 
more, this expense is generally borne by the consignees of tho cargo and not the ves- 
sel, and costs about li to 4 cents a bag, which amount surely cannot affect the coffee 
mnvket to any j;reat extent. The inspector of tho National Board of Health at this 
station has mn couduct^ul himself in accordanre with tho proposition of tho body he 
represeuts, inasmuch as ho has seen fit to telegraph to the supervising inspector of 
the National Board of Health at New Orleans tho existence of a suspicious case of 
yellow fever at this station without consulting the State quarantine officers in refer- 
ence to the alleg«"d ease, without their knowlod«;o in any respect, and without fur- 
nishing tho State board of health with a copy of tho report, and which report was 
not justified at all by the symptoms of tho case at any time being, or subsequent de- 
velopments. The inspector of the National Board has on other various occasions sent 
reports the contents or purimrt of which I have no knowledge. In answer to your 
second question, I have to inform you tho inspect<)r of tho National Board has two 
men in his employ, both of whom reside a(\jacent to tho quarantine grounds. 

The guests of tho inspector consisted of his wife, who spent a few days here with 
him about two months ago, and two little girls, sisters of his wife, who have been 
hero now about four weeks; with whoso ]>ermis8ion I do not know. 

Vour third interrogatory I will answer by stating that tho inspector of tho National 
Board has not, to my knowledge, violated any specific law in regard to communicat>- 
ing with the inhabitants of tho opposite bank of the river, inasmuch as there has 
been no contagious and infectious diseast; at this station since the inspector of the 
National Board has been here. In answer to the fourth question, the inspector of the 
National Board at this station has never had yellow fever, and this fact was known 
to the supervising inspector of the National Board at New Orleans at the time of the 
appointment of said inspector. Owing to the knowledge that said inspector had not 
had yellow fever, he was quarantined tivo days from tho time of his last communica- 
tion 'with any vessel before being allowed to proceed to New Orleans. In reference 
to your last question, I believe none have had yellow fever (of his gnests) excepting 
one of the? little girls now hero ; however, none of them have been on board of any 
vessel in <iuarantine. 

Very respectfully, J. F. FINNEY, M. D., 

liesident Physician, 

National Board of Health, 

Kew Orleans, 5, 1881. 

Prof. Joseph Jones, M. D., 

President Louisiana State Board of Health : 

Dear Sir : Since Dr. G. F. Patton has been retired from the service of the National 
Boaid, and since I esteem him as a most tmstworthy and capable officer, my senaeof 
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Jostioo prompts me to defend one who was my sabordinate from the accubationB of 
Dr. Finney, qnarantine physician, dated September 13, published on September 30, 
in the report of the proceedings on the 29th of the State board, and prompted by a 
letter of inquiry on the 6th from yourself. 

Dr. Finney's charges commit great injustice by inference, omissions, and forgetful- 
aees. No less than ten charges are made or referred to, and with each of these will 
be given its explanation. 

1. It is charged that Inspector Pattou did not restrict himself to the ''terms of the 

Ero)>c6ition of the National Hoard of Health to the Stato board," to "the bounds of 
is daty^" and to ** the (Huperlicial) object of his appointment.*' The terms of the 
proposition accepted by Governor Wiltz were, that an inspector of the National 
Board of Health should ''be stationed at the Mississippi quarantine" for *' purposes 
of observation and inquiry," and, as a matter of course, to report the result thereof. 
In my estimation. Dr. Finney entirely fails in his subsequent charges, now to be 
Btated, to establlHU any foundation tor this general accusation ; and even if it were 
well founded. Inspector Pattou simply obeyed orders to observe, inquire, and report 
npou everything concerning the Louisiana quarantiuo, whether commendable or 
otherwise, for which orders the National Board of Health was alone responsible. 

2. Inspector Pattou suggested as a remedy for the quarantine expenses incurred by 
vessels from Rio " that all vessels from Rio be advisknl by a U. S. consul at that jioft 
not to trade with New Orleans from May to November of each year." True, but Dr. 
bHnney omits two important facts: First, that Inspector Pattou stated in the same 
report how this warning should be giveu, namely, by timely official notice to vessels 
at Rio and destined to New Orleans ot'tvvo 8imi>le facts, viz, of the duration of quar- 
antine detention and of the consequent unavoidable expenses. So far as concerns 
this latter proposition, to which the former was subordinate. Inspector Patton advo- 
cated an unquestionably sound policy, calculated to benefit commerce, viz, that all 
foreign ports should be given timely official notice of the (quarantine restrictions 
existing at all ports of the Uniteil States. Second, the tirrtt ])roi)osition, that is, the 
suggested " warning," was not ajiproved by myself nor by any of Inspector Patton's 
superiors : information thereof was restricted to the National and the Stat« boanl ; 
it never did indict and never could have inflicted the least injury on New Orleans, 
and would have remained an unregarded still-birth if Dr. Finney had not preferrea 
to honor it with a public funeral. Farther, Inspector Patton did not, as Dr. Finney 
alleges, " take upon himself the responsibility of advising vesseln from Rio" anything 
whatever; lie reallv did no more than make a fruitless sugijestion to the National 
Board of Health, which certainly is not a vessel. InsjK'ctor Patton objected to the 
exjienso of trucking carjjjoes of cottee to the warehouse. For what purpose f Not, 
as IS implied, because this measure is not the best one now jiracticable, but in con- 
nection with his advocacy of a system for the future of sanitary barges as a substi- 
tute for the present warehouse system, the fonner system being calculated, in his 
opinion, to prove better both for public health and commerce. 

4. Inspector Patton reported one suspicious case of fever a t the station (and never but 
one, which occurred on tbe bark St. Olaf and not on the Historian, as falsely reported to 
the Board by Captain Calloway), and negCocted not only to consult the State officers 
but also to report the case to the State board. As to this negligence Inspector Patton 
frankly admitt<Ml it, and accepted censure with characteristic manliness. But this 
negligence, th<mgh at the time unknown to me, wju* promptly rcctilied so far as con- 
cerned the State l)oard l»y me, for 1 sent a copy of the telegram forthwith to the pres- 
ident of said i)oard. Not only this, I stmt the information in obedience to my 
instructions both to the secretary and to the superintendent of the Mississippi River 
service of the National Board o^ Health. Yet the ]>anic which it had been charged 
would result from such a course did not ensue, as is well known ; on the contrary, 
this course strengthened the contidcMice already felt in other States, that should real 
danger to them arise i)rompt information would be given. 

6. Inspector Patton is charged with having "on various other occasions sent re- 
ports of the contents or purports of which 1 have no knowledge." Neither I nor In- 
spector Patton were ever oitlered or requested to send reports to Dr. Finney, but 
copies of all official reports sent by Inspector Patton, and which concerned the sani- 
tary officers of Louisiana, were sent by me to the State board. 

6. Inspector Patton's two steam-launch employ^ resided outside of and imme- 
diately " ad^jacent to the (juarantine grounds." Dr. Finney knows that this was un- 
avoidable ; that his own employes have the same daily communication with outside 
adjacent houses, and that Inspector Patton'semployds were specially ordered to board 
no vessel without Dr. Finney's permission. 

7. " Inspector Patton occasionally visited the inhabitants on the opposite bank of 
the river," t. e., the Buras post-office. Yes, with the consent (no yellow fever being 
present) and generally in company with a State quarantine officer. In this I simply 
explain without defending, since I believe that other post-office arrangements should 
be made. 
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8. Inspector Patton entertained his wife and her two yonng sisters as guests ** with 
whose x>ermi88ion 1 do not know^'' says Dr. Finney. But Inspector Patton remembers 
well that his wife's two young sisters had the permission of Dr. Finney, whose manly 
courage I have too much faith in to believe that he will deny in view of Dr. Patten's 
positive assertion that his own memory was probably at fault. In any case Dr. Fin- 
ney has supreme authority at his quarantine station, and if in this or other matter 
Inspector Patton acted illegally or improperly, why did Dr. Finney permit him to 
persist in his illegality or impropriety, such as entertaiDin^ his wife twelve days in 
July, and her two sisters from Juljr 18 to September 17, witnouta word of objection t 

9. Inspector Patton has never had yellow fever. True, he haa been curiously de- 
prived of this blessing. But he has been repeatedly exposed during four different 
years, and among these to the unsparing epidemic of 1878; further, he was a State 
quarantine officer from 1877 to 1880, and no objection was found to the misfortune 
that yellow fever has refused to attack him until the ex-State officer became an offi- 
cer of the National Board of Health. 

10. Finally, of Inspector Patton's three guests. Dr. Finney says : ** I believe none 
have hsul yellow fever excepting one." The tmtn is that two of the three have had 
undoubted cases of yellow fever, aud the third, 17 years of age, has been a resident 
of New Orleans from early childhood, had a mild fever (not known to have been yel- 
low fever) in 1867, and passed harmlessly through the epidemic of 1878. Further, In- 
speet<»r Pattou enjoyed no more privilege in this matter of guests than has always 
been accorded heretofore to the wives, &c., of custom-house and other officers tem- 
porarily stationed at the quarantine. 

Dr. Finney omits another very important fact, namely, that prior to my appoint- 
ment of Inspector Patton both he and the president of the State board expressed to 
me their perfect satisfaction with, and their decided preference for him. Carefully 
considering the charges now made against him, I find those which are well founded 
comparatively trivial, and recalling the numerous opportunities he has had for se- 
rious derelictions which he did not commit, I cordially thank Dr. Jones and Dr. 
Finney that the candidate recommended by them has been found by me worthy of 
their indorsement. 

Dr. Finney's letter, with its attending facts (such as that his charges were not made 
when their causes were committed and when they might have been corrected, and 
that their publication was delayed to the day of Inspector Patton's relief from duty) 
prom]>tthe belief that objections to Inspector Patton are altogether secondary to the 
far greater objection that there should in future beat the quarantine station any in- 
spector whomsoever of the National Board of Health. However, above the minor 
issues which have been raised, issues readily adjustable since the National Board 
commands all officers to obey State authority, the questions of chief consequence 
to the public remain untouched, viz: Whether the presence of the inspector of the 
National Board of Health at the quarantine has tended to increase or decrease the 
vigilance which is the safeguard of our public health, and the confidence of those 
neighbors upon whom depends so largely the freedom of our conmiercial intercourse? 

In conclusion, the National Board is likely to rejoice now at all such evidences as 
Dr. Finney presents of excessive quarantine vigilance and precaution, and to rejoice 
still more in future should proof be given that those who preach practice themselves 
and force all others, the officers of the National Board or Health included, to prac- 
tice what is preached. By which remark it is not my intention to qu^tion the fact 
that much credit is duo to the State board and to Dr. Finney for an improved and 
comparatively efficient, even if not as yet a perfect quarantine. Further, Dr. Finney, 
as also his assistant, Dr. Wilkinson, deserve cordial thanks for their courtesy and 
favors to the officer of the National Board of Health, and for their invariably harmo- 
nious co-operation with him in their daily work of disinfecting suspected vessels. 
For them personally no feeling other than kindly is entertained. 

I trust my belief will be concurred in, that justice requires that the same publicity 
should be given this letter as was given by the State board to Dr. Finney's. 
Yours, very respectfully, 

STANFORD E. CHAELLfi, 
Supervising Inspector National Board of Health, 
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(1.) 

FINAL REPORT UPON THE INSPECTION SERVICE OF THE NATIONAL 
BOARD OF HEALTH AT THE MISSISSIPPI RIVER Q UARANTINE STATION, 
LOUISIANA, FROM JUNE 5 TO SEPTEMBER 30, 1881, INCLUSIVE. 

By G. Fa&rar Patton, M. D., Inapeotor. 

QuARANTiNB Station, 
Mi»9i89ippi River, Louisiana, September 30, 1881. 

Dr. Stanford E. Chaill£, 

Supervising Inspector National Board of Health : 

Dear Sir: In reviewinK the experience of the present quarantine aea^n, it is 
fl;ratifyine to note the fact that up to this date^ on which the inspection service of the 
National Board of Health terminates, not a single case of yellow fever has made its 
appearance at the Mississippi River quarantine station ; a circumstance which can- 
not fail to delight sanitarians specially and the public ffonerally. Having escaped 
thus far, it is not unreasonable to hope that within the short time yet to elapse beiore 
the date on which it is proposed to suspend quarantine, no case of this dreaded dis- 
ease will appear. 

It is also gratifying to me to reflect that my mission here, owing to a great extent 
to the courtesy of the State officers and their willingness to afford me every facility 
for observation, seems to have been a successful one as regards the objects chiefly 
aimed at by the National Board of Health. In this connection I shall briefly review 
those facts which seem to demonstrate the utility of the service in which I hAvebeen 
engaged, and the advantages likely to be derived from this service in the fntore, 
shonla it be decided to continue the same. 

The chief aim of the National Board of Health in placing an inspector here, as set 
forth in Dr. T. J. Turner's letter of April 28, addressed to yourself, was to have a 
special representative of their own at the statiou upon whom they mi^ht depend for 
prompt aud reliable information as to any case of yellow fever, or suspicious case, ap- 
pearing at the station or in its vicinity, without which it would not be in the power 
of the National Board to notify the people at'large of the first appearance of tne dis- 
ease in the Mississippi River, or to continue to assure them of its non-exist>ence. In 
this particular my mission has been entirely successful, as I have had abundant £EM:il- 
ities aflbrded me to make my observations. 

During the entire summer only one case iustifying suspicion has occurred — that of 
a young man on the Norwegian bark St. Olaaf, who became ill while this vessel was 
discharging coffee at the government wharf— but this case, within the first twenty- 
four hours, proved to be merely a simple fever. Other than this there have only been 
some cases of malarial fevers (see weekly and special reports) on vessels from the 
smaller Mexican and Central American ports, particularly from the Isthmus of Pan- 
ama, but all of these were so distinctly characteristic as to afford no gronnd for sus- 
picion. 

A second object desired by the National Board of Health was to have its inspector 
remonstrate with the State officers in case any reasonable precautions were about to 
be neglected in their treatment of quarantine vessels, and to stand ready at all times 
to report to yourself and to the president of the State board of health any difference 
of opinion upon such matters or the rei'usal of the State officers to take any steps 
which might seem to the national inspector necessary for the public safety. Hap- 
pily no occasion for the exercise of this prerogative lias arisen, nor have I been called 
upon to extend my observations further thau the station itself, the health of the sur- 
rounding country having been excellent. Besides attending to these leading objects 
of iny niisiiiion, I have been enabled to compile from the records of the station — kindly 
placed at uiy disposal — yearly statistical tables "illustrating the maritime commerce 
of New Orleans by the Mississippi River" since June 1, 1855, the date at which these 
recordw begin, showing the number and class of vessels arriving each month, with the 
number of their crews and passengers, the countries they were from, an approximate 
estimate of the aggn'gato tonnage for each month, and the number of each class 
quarantined, besides furnishing you in special reports various items of information 
siicli as only could be 8up})lie<l by one ])rcsent at this station. As no official record 
had been kept of the length of time quarantined vessels had been detained at this 
station or of the sickness that had occurred on them up to July, 1880 (when Dr. 
Finney, soon after taking charge of the station, introduced a new and greatlv im- 
j)roved system of keeping the records), it has not been possible to embody these items 
in all the tables ; therefore I have prepared sejiarate tables giving a r^nm6 of quar- 
antine work done at Mississippi River qnarantine station for the four years of 1878- 
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-'79-'80-'8l— having been enabled through the kindness of Mr. Thomas Flynn, tele- 
graph operator at the station, to ascertain from his record book the d^ and hour of 
arrival and departure of every vessel passing up, from February 1, 1878, to the time 
when Dr. Finney's improved system of keeping the records was introduced. The 
items relating to sickness 1 have readily been able to supply, as I was on duty here 
as assistant rt^sident physcian from December 1, 1877, to May 20, 1880, since which 
time accurate notes have been kept b^ the State officers. These various tables, the 
credit of suggesting which is due entirely to yourself, I have the pleasure herewith 
of submitting, and nope you may not be disappointed in what you may have expected 
of them. I append to this report one table which presents a resume of facts relating 
to the arrival of vessels at the Mississippi River quarantine station and the number 
detained there since June 1, 1855, besidos eight additional tables for the years 1878- 
'79-'80-'81, in which the various items of information enumerated in the above para- 
graph are set forth in detail. 

I regret that I have not been able to embody in the special table showing the work 
done tnis season exact figures as to the number of inspections made, as I have not 
observed any regularity in my visits to the shipping, this being almost impracticable, 
owing to the irregular hours at which vessels come and go, the state of the weather, 
and other circumstances which render it impossible to be as systematic about this 
work as a sanitary inspector whose work is on shore can be. Nor is it easy to arrive 
at any average as to toe time occupied by my duties, since, in one sense, I have been 
nearly always on duty, having to be in readiness to drop evervthing and start upon 
the arrival of a quarantined vessel, or when one was ready to leave, or when fumiga- 
tion was about to be begun, or when a certain stage in the handling of a cargo was 
reached— it sometimes being before sunrise when these visits had to be maae, and 
sometimes before midnight. Even the apparently social side of my relations with 
the (|uarantine officers and with the officers of vessels has not been without a certain 
bearing upon my official duties, so that the round of these duties, though not arduous, 
has been almost continuous. 

As regards the probable utility of this special inspection service in the future, I 
need only remark that, as the people at large become every day more interested in 
matters afiecting sanitation and the prevention of pestilence by means of national 
quarantine regulations, it will surely be expected of the National Board of Health, 
upon whom the general public rely for protection, to station a representative at this 
point, where danger is most to be expected. Aside from this view of the matter, it 
might happen that under less vigorous administration proper precautions would be 
neglected, or laxity of discipline allowed at the station, in*which case it would be- 
come necessanr for the national inspector to remonstrate. 'In short, in any case 
where in the niture the quarantine officers might be disposed toward negligence or 
indifference, the presence of such an inspector could hardly fail to stimulate them 
to greater vigilance and more rigid enforcement of quarantine rules than would other- 
wise be the case. 

Further than this, the national inspector at this station has an admirable oppor- 
tunity to inquire into the sanitary regulations of foreign countries, and to learn of 
fraudulent practices in vogue abroad, as, for instance, the issuing of false bills of 
health and certificates, from giving credence to which danger might arise. I have 
had occasion this summer to forward you a statement in writing nrom an American 
ship-master, charging a physician, countenanced, as was alleged, oy the United States 
consular establishment in Rio de Janeiro, with issuing certificates of inspection and 
disinfection, for a money consideration, actually without going near the vessel.* 

The exact figures showing the expense attached to the practical working of the 
service this season, and what may be reasonably expected for future years, will be 
found in the following statement : 

Expenses of every kind for iuHpection service at Mississippi quarantine station for 
less than four months of 1881, $1,778.48. 

Estimate of all nece«sary expenses of same ser\'ice for five months of 1882, $2,436. 

Owing to the service liot having begun until June 5 this season, and to the fact 
that the steam-launch was not supplied until July 5, the expense involved has been 
considerably Icfis than would l>e tlio case were the service to be put in full operation 
at the beginning of any subsequent quarantine season. 

As the porforinanc.e of his dutios requires the inspector of the National Board of 
Health at this station to bo so constantly on the river, it is, of course, indispensable 
that he should have a boat at his connnand ; and as the exjiense of keeping a steam- 
launch is HO little more than that re<iuire(l for a row-boat — the diflorcnce being about 
$150 or $200 a season, while the advantages of the former jis regards speed, comfort, 
and ability to stem the strong eurrentof the Mississip])i are so ohvious — I would ad- 
vise the use of the steam-launch being continued, partieularly as the National Hoard 
already owns a suitable launch. In this conneetion I have suhniitted a separate re- 
port upon some slight changes in the lookout that seem to me to be called tor. 

* It sabtequently transpired that this charge was anfoanded. 
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Ab you have requested me to do so, I shall next notice what may be conaidered as 
defects in the quarantine system administered at .this station, and shall suggest oei^ 
tain measures which occur to me as beiug calculated to remedy these delects. At- 
tention has been called to the absence of any organized police force at this station. 
On this point I am far from bein^ convinced that such a force is necessary. If sup- 
plied it might be a source of satisfaction, but during a residence of three years at 
this station I have never seen any evidence that such a force is required in the inter- 
est of sanitation ; first, because the country around the station is but thinly populated, 
and the inliabitants, fur the most part simple-minded people — fishermen and negroes 
engaged in rice culture — have the greatest respect for quarantine regulations, so that 
to Keep them in restraint nothing further would be necessary than to have it gener- 
ally known that communication with people belonging to quarantined vessel was 
forbidden; aud secondly, because there is never auy willful attempt on the part of 
those belonging to quarantined vessels to violate any rule which the resident physi- 
cian may see fit to establish, since sea-goLug people, almost without exception, stand 
in wholesome dread of the arbitrary power which they believe quarantine officers 
possess. 

My ideas of what is required are as follows: Let the le^lature create the resi- 
dent physician an ex-officio justice of the peace, limiting his jurisdiction to ofienses 
connected with violations of quarantine laws, and to general offenses committed at 
the station and on the vessels detained there, and authorizing him to appoint one of 
his boatmen, as, for inst^inco, the coxswain, a constable. This arrangement would 
answer every purpose, and besides placing the power where it could be promptly aud 
judiciously brougnt to bear, it would be economical, and would obviate the employ- 
ment of additional men. 

A more serious difficulty is that under the existing law the parish police jury gives 
the ]iublio the right of way through the quarantine grounds, thus rendering it im- 
possible to prevent people living outside from entering and passing through. 

During the summer and autumn, when quarantine regulations ought to be most 
strictly enforced, dozens of people pass through the grounds daily, these being for 
the most part laborers from the rice fields. On Sundays, owing to tue social and re- 
ligious tendencies of the colored population, this traffic is greatly increased. The 
remedy for this would be for the legislature to make the quarantine grounds a spe- 
cial reservation, forbidding any thoroughfare through the same, and requring the 
public road to pa-ss in the rear of the station, where there is an abundance of room. 
The same law should direct the land entrances to the station to be guarded by hieh 
gates, which could be kept locked during the prevalence of infectious sickness at the 
station. With these precautions undue intrusion could be prevented. 

As regards preventing improper intercourse between quarantined vessels and the 
shore, I think the existing rules are adequate for all contingencies. It would be bet- 
ter, however, for the State officers to supply vessels detained at the station, not with 
a copy of the various laws aud amendments printed in English, as furnished at pres- 
ent, but with a clear and concise set of rules setting forth briefly and unmistakably 
that such and such privileges are allowed and certain others therein specified for- 
bidden. These ought to be printed in at least six languages, and a sufficient number 
of copies ought to oe distributed on each vessel to instruct the whole ship's company. 

A serious trouble, and one of the most difficult to remedy, is the possibility of pilots 
and others from infected vessels landing at Port Eads or Pilottown and communi- 
cating infection to the people there, or even of going directly to New Orleans 
by the packet boats. Here again legislative action is called for. A severe penalty, 
(with a reward to the informer) should be inflicted upon any pilot or other person 
landing within a given period softer having boarded an infected vessel, and the ex- 
isting law, forbidding steamboats and tow-boats to receive as a passenger any person 
liable to quarantine, might be amended so as to aflbrd a greater degree of protection. 
The plan of stationing an inspector at Port Eads is admirable, as practiced by the 
State board of health the past two seasons, but even here there is room for improve- 
ment, as it is difficult for one officer to watch all the sea entrances to the river. But 
the greatest difficulty to be overcome is that of dealing with the cargoes of presum- 
ably infected vessels, aud particularly with cargoes oi cofiee from Kio de Janeiro. 
It is obvious that mere detention of a* cargo can nave no effect in destroying germs 
of disease therein contained, so that if a Tuan can be devised and put in operation by 
which the sanitary measures instituted for this object may be so perfected as to per- 
mit the almost immediate forwarding of such cargoes to their destination, a great 
advantage to commerce would be gained. Under the system at present in force at 
this st^ition, which is probably the best that circumstances will allow, cargoes of 
coffee are discharged and the sacks heaped up in the government warehouse, where 
they are fumigated en masse. 

While the work of removing and returning the cargo is goin^on, the vessel itself is 
fumigated every night, so that it maybe said, as far as intensity of fumigation goes, 
that there is nothing left to bo desired. But it is evident that in fumigating a ware- 
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houHe fiill of cofifee in one mass, the solphnr fnmes cannot possibly penetrate between 
the socks, so that, supposing any '' germs'' attached to the sacks to be er|ua11y dis- 
tributed over their surfaces, only those germs occupying the exposed parts ot the sacks 
will undergo the destructive action of the sulphurous-acid gas. In a sanitary point of 
view, this alone constitutes a very serious objection to warehouse fumigation as at 

S resent carried on. But from a commercial- standpoint, there are objections which 
eserve consideration. Inasmuch as it is not desirable to have the crew of a vessel 
expose themselves by working in the presumably infected atmosphere of the hold, it 
is necessary to emplov a force of acclimated laborers and a stevedore's foreman, thus- 
making the expense ror this item alone very considerable. * 

Besides this, the distance over which the coffee has to be '* trucked" varies from 30O 
to 500 feet each way, and when it is iinallv returned on board the vessel it has beeni 
handloil five times: 1, hoisted out of the hold to the truck; 2, from the' truck to thei 
pile in the warehouse ; 3, back to the truck : 4, hoisted on board ; 5, stowed away.. 

Now, it seems to me that the true plan for dealing with such cargoes is the follow- 
ing : Let the coffee be hoisted directly into a barge, moored alongside the vessel at^ 
anchor in the stream, thus preventing any opportunity for those belonging to the* 
vessel to walk ashore : there fumigated in detail by some plan which would allow the* 
sulphur fumes to reacn every portion of the surface of each separate sack, and imme- 
diately stowed away in the hold of the barge. As soon as the work shall have beem 
completed, let the barge be towed to New Orleans, thus delivering the coffee promptly^ 
to the consignees, and leaving the vessel to remain as long as might be considered: 
necessary at the quarantine station. This would render fumigation thorough and. 
effective, would avoid the *' trucking" of the cargo a longdistance, would insure its- 
prompt delivery in New Orleans, and would leave the vessel empty and ready for the* 
raost severe sanitary measures that mi^ht be indicated. 

There would certainly be some practical difficulties to contend with in organizins^ 
such a barge service, and with a view toward aiding in the solution of these difflcu^ 
ties, I herewith submit diagrams giving an idea of the plan of such a barge as I con- 
ceive would be adapted to the purpose. The notes attached to the diagrams will 
serve to explain the plan proposed. 

As shown in figure 2, there are two fumigating chambers at either end, making four 
in all. Alon^ tlie wall, on either 'side of each chamber, are four rows of ring bolts, 
serving as points of attachment for the movable ladders. The proposed plan of using: 
the barge is as follows : 

Moor the barge alongside of the loaded vessel at anchor. By means of the derricks, 
worked by the hoisting engines shown at either end, hoist the sacks into the barge* 
and place them as shown in figure 2 on the ladders, placing the latter in position one 
after another as they become full, working from the middle of the barge toward either 
end, and using a strong step-ladder to reach the upper tiers. When working only 
one derrick, but one pair of fumigating chambers will be used, filling the ri^ht-hana 
one while tne left is being fumigated, and so on. When working both derricks, the* 
right-hand chamber on one end and the left-hand one on the other must be filled simul- 
taneously in order to balance the barge. Beside the hoisting apparatus, each engine* 
has attached to it a blower and a powerful force-pump. The use of the former is to* 
drive a current of air through each fumigating chamber while it is being filled, so asi 
to ventilate the coffee before fumigating it. During fumigation the blast is shut off, 
and when the fumigation is completed, the hatches (x) (or) (figure 1) in the roof being: 
opened, the blast is turned on, and serves to drive the suphuric-acid gas rapidly away, 
(hi removing the sacks or other articles from the fumigating chambers, they are ruoi 
down a chute into the hold and stowed away, not to be disturbed again until finally^ 
discharged. The force-pump is for use in case of fire, and for washing out the holds- 
of vessels. 

The very first question connected with the adoption of the proi>osed barge service, 
granting that it promises all that can be claimed for it, is, who Is to supply the 
barges, and how are the running expenses of the system to be met f My views on this- 
subject are as follows : 

In the first place^ it is not to be expected that the State board of health or the 
legislature of Louisiana, with their present limited pecuniary resources, could be- 
relied upon to furnish the money necessary to carry out such a scheme. I think this 
will be admitted without argument. Next follows the question as to whether this 
barge service promises to be of sufficient importance to Justify the National Board of 
Health in applying to Congress for whatever funds might be required to put it in 
oi)eration. 

Now, inasmuch as sulphur fumigation is absolutely the only means upon which we 
have to depend for the purification of presumably infected cargoes, it stands to reason 
that any plan which will beyond all uoubt render this fumigation thorough, is to be 

* On small barks and brigs of 400 or 500 tons, fmra twenty to thirty men, at f2. 25 a day, and a foremsn 
at $5 a day, have been employed this sammer. The time reonired'to handle the cargoes of such ves* 
■ela is from six to eight di^s, or longer, if the weather shoola be onfiaTorable. 
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preferred to the plan now in ase, under which it is impossible for the purifying gas 
to penetrate to every portion of the mass of cargo under treatment. 

It may be said that at best we are not certain that the most thorough fumigation 
is to be relied upon — though individually I have great confidence in it— but wUh our 
present knowledge it is unquestionably incumbent upon us to render the process, 
such as it isy as thorough as possible. 

In an issue of this kind it seems reasonable that the National Board of Health — 
standing in the relation of guardian and protector of the nation's health, and know- 
ing that no expenditure of the people's money will be considered excessive if thereby 
any greater security from an invasion of yellow fever is promised — should be pre- 
pared to assist in supplying any appliances that may be needed to perfect the pro- 
cesses upon which we have to depend for security, for it is evident that without help 
from this quarter the matter will be allowed to go on as it is, and under an adminis- 
tration less vigorous than the present one, even the system now in use might degen- 
erate. 

The mere question of the apparent inconsistency of the National Board offering to 
supply the Stote board of Louisiana with expensive improvements at the quarantine 
station, which the State board has not asked for and may not desire, has nothing to 
do with the moral side of the issue involved. If it be proven that such improvements 
would be beneficial to the service and conducive to the preservation of the public 
health, and that otherwise they will not be furnished, it seems to me that the Na- 
tional Board can have no higher duty than to induce the general government to sup- 
ply them. The mouth of the Mississippi River is the great thoroughfare through 
which yellow fever is most likely to enter, and New Oneans is the citv where the 
greatest precaution needs to be observed. Therefore, as compared with the necessity 
for perfecting every means of keeping yellow fever away from New Orleans, all other 
objects that might claim the attention of a national board of health would seem to 
sink into insignificance. 

Snppose that the State board of health does not seethe necessity for such improve- 
ments, is the duty of the national board to the people of the Mississippi Valley, to the 
''Great Southwest,'' and to the nation at lar^e any the less imperative? 

To use an illustration that will be appreciated in the State : If a planter should 
see the levee of an impecunious neighbor about to break, threatening devastation to 
the whole neighborhood, would he hesitate to resort to the most ready means of avert- 
ing the danger, regardless of any apparent indifference on that neighbor's part f 

Show the State board the advantages of the proposed system, offer to aefray the 
expense of putting it into operation and keeping it up, and they can hardly refuse 
to avail themselves of it. 

To complete the plan which I propose, a tug-boat, either owned or chartered by the 
government^ ought to be stationed here for the purpose of moving the barges, or 
even of towing them to New Orleans, in case the private tow-boat corporations were 
disposed to demand exorbitant rates. If it even snould be decided to send an infected 
vessel from the mouth of the river to Ship Island, the gratuitous services of a gov- 
ernment tu^-boat, offered in such an emergency, would remove the two greatest prac- 
tical difiScuTties in the way, viz : the delay to the vessel in reaching Ship Island, and, 
on the other hand, the expense to the owners of having her tow^ there and back. 
Here again it may be argued that the government has no right to interfere in the 
towing unsiness, but I claim that in a matter involving any issue of vital interest to 
the whole country, all ordinary motives of policy and all theories as to what a goy- 
ernmcnt ought not to do should bo ignored. ** 8alu9 populi suprema Ux f»to," And 
since we can neither prevent vessels infected with yellow fever, nor vessels laden with 
presamably infected cargoes, firom coming to our shores, and since the expense of 
treating such vessels according to thorougn methods is likely to be too great for in- 
dividuals to bear, while to a nation like the United States the expense would be a 
mere bagatelle, let us calmly accept the situation and pay the bill for the preservation 
of our own health without grumbling.* 

The first cost of putting the proposed barge system into operation would be con- 
siderable, probably between |40,00U and |50,000, and after that an annual expendi- 
ture of about ^,000 would suffice to carry it on. Among other things, it would 
be necessary to keep a small open barge at the station to be used in carrying ballast 
to vessels whose cargo had been discharged. The supply of ballast could be readily 
replenished from other vessels in quarantine. 

In conclusion, I would ur^e, in pursuance of the policy which I have above advo- 
cated, of accepting the inevitable and of making the best of circumstances beyond 
our control, tnat the National Board of Health cannot do better for the present than 
^o use what means and influence it can bring to bear in perfecting the existing quar- 

* It would he well, among other measureft, for the govemmeiit to notify ita oonanls in all the prind- 
IMd cities of qoaraotined districta, eariv in each aeaaon, of the meaaorea likely to be enforced at 
the diifcirent quarantine stations of the United States, ao that masters of vessels sailing for any one of 
oar ports may know exactly what they have to ezpaet* 
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tntine stfttioniorthla Stftt«, and in putlenlar the HisriwippiRtTer station, of contM 
withoat attemptiiiK to tDterfbro in ttie management of the stations ; the idea being 
to give every possible asaiatanen and to leave the er"-*' '" wi.-.i* — .i_i_ 



>n of tlie work itself en tirely 
In the hands nf the Btat«Dfflcials. 

Tbe facts ate before as that the Hlnisslppi Hirer quarantine station is located in 
a position open to some serloas objections, nnd that vrlthont dne -vigilance InfectioD 
may be smoggled throngfa ; bnt what is to be done T 

The location of this station, and Its oontral b; a local board of health eztremelf 

'-'ve on the snlijeot of national Interference on established facta, so that it only 

IS to the United States Government, reversing the order ascribed to Providence, 

p those who will Hoi helpthemBelves — whichcan only be done in this instance 

bj co-operating with them — allowing them nndlspnted possession of the field, and 
doing its beat to aid the State of Loniaiana in perfecting uie means which it emplovs 
and upon which the people at large, whether they like it or not, hare to depend ur 
protection against the invasion of yellow fever. 

' n aware thatsomeof my views may l>ei«gardedB8thoaeof an enthnsiast, hoping 

daid 



In any work of reform must expect to enoonnter opposition and difBcnItiea, and these 
viawB, SDCh aa they are, are the honest convictions of one who haa served at least an 
apprentieeship in practical qnarantine work. 

With the hope that it may not remain for any dearly-bought experienoe to d» 
monatrate the utility of snob snggeeiioiu, I hare the honor to remain, 
Tonn, rery respeotftiUy, 

J. FABHAB FATTON, M. D., 



(QMUplM by G. Vanir Patlon, U. D., laapsohn Hatlaiul Board of H«ltli.I 
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FiyAL BEPOBT FOB TEE FIVE MOirrsa FBOM MAT 
30, 1B81, INCLmiVE. 



TO 8EFTBMBEB 

RivBR iNSPXcnoM Sebvicz, Nationai. Boabd of Health. 

Nzw Obleakb, La., Odobtr 1, 1881. 
Dr. Stahtobs E, Chaiu.*, 

Superviiing Impactor : 

Dear Sir: The Hivor inspection service of the National Board of Health bos for 

the past Ave months been carried oniuNew Orleanannderyonr direction by onrselvw. 

We have reoeived as our compensation the Hum of f 160 each per mouth ; tlM 

amoont 91,500 was tbe total expenditure of the •errioe oondocted by as. Tbe aver* 
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age daily time required for the perfbrmanoe of our dntieg haa been aboat tOxa lioan 

Owingtotliefucttlia(eeveralt>oalB&eq nentl; leave sboat the same Iioart wo inspect- 
ors lire aeceesary, in order thut boata ma; receive their iiiBpectioii certificates as 
nearly as possible at the time of departare. Were it not for this foct, one inspector 
might sccoinpliih the work, Suuitary polioemeu ore not necessary ezeept when yel- 
low fever exiBta and disinfection is essential. 

lu odditiou to the iu8i>ection of bD»tswe have given considerable time daily to ob- 
taining, let, the daily record of ontraaces at tbe cuetom-boose, of veseels; 8d, the 
daily mortuary report from the 8tut« board of health. 

The folliiHing table gives the entraiiaes at the custom-hoose for the five montha 
Hay 1, to September 30, 1881, inclusive : 
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In the above table the following have, at the MisaisBlppi Quarantine station, and 
tberefoTo by ns, been considered infected ports, vis : Not only fiio de Janeiro, Vera 
Cruz, the island of St. Thomas, and the Cuban ports of Havana,CienfiiegoB, Cardenas, 
Santiago de Cuba, Sagou la Grande, and Matanzas, but also Tuxpan, Tompico. Colou, 
'*" ' ' ti,ProgreBBO, Luguna, and Coatzacoalcos, although no yellow fever, it is be- 



lieved, existed in the latter list. 
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water in the Ohio, Mifidsalppi, and Red Rivers, and the non-existence of the Bayon 
6ara station established last year for boats entering Red River. 

In the Bhreveport Times of Jnly 13 was publish^ an ordinance of the cit^ conncil 
of Shroveport requiring all boats coming froui New Orleans to have a certificate of 
inspection from an inspector of the National Board of Health. 

Only four boats were inspected in this trade, as no other left for Shreveport on 
account of the low state of water in Red River. With these exceptione^ no boats 
stopping short of Vicksburg and none going below New Orleans have been inspected, 
sinc^ no orders were issued therefor. 

Referring to the table, you will observe that only eight boats and nine barges, 
which should have been inspected, left without being inspected. These boat«, with 
one exception, having been here for some days, and not notifying us of the time of 
their departure, we had no means of knowing when they were to leave. The excep- 
tion was the towboat Port Eads. Capt. Nelson Davis, with six barges, bound for 
Saint Louis, September 27. She left one hour sooner than the time stated by the 
Agent to the inspector. She was, however, at this time seen backing out, and boaixled 
by the inspector, but the captain refused to wait for an inspection. This is the only 
iust-ance of this kind. The reason the other three barges were not inspected was be- 
cause in the several instances the barges were distant from the towboat, and we did 
not know until near the time of departure that they would compose part of the tow. 

As regards cargoes, there were no restrictions till Jnly 10. On this date the Mem- 
phis ordinance of June 30 prohibiting the landing at that place of any boat having 
on board '* any article of the class commonly known as junlc stores, such as rags, pa- 
per stock, old rope, second-hand clothing, bedding, and upholstered furniture," w^cnt 
into effect. 

From Mav I to Jnly 10 there were shipped from New Orleans by steamboat about 
450 bales of old roi>e and paper stock. Estimating each bale at 600 pounds and the 
freight at fifteen cents per hundred weight, we get |405, which would approximate 
the insignificant loss to the steamboat trade for nearly two months and a half, had 
these articles been excluded from the cargoes, as would have been done had yellow 
fever appeared. 

The number of per$on9 as set down in the table represents only the best attain- 
able approximation to the actual number of crews and passengers. 

In concluding this report we would present for your consideration some remarks 
tending to show the utility of this service, and a few suggestions calculated to rem- 
edy certain defects and t<o facilitate its operation. 

From the stand-point of preventive medicines, we believe this service has secured 
an improved sanitary condition of steamboats and barges, and has brought about 
among Hhippers and common carriers a heightened sense of public health responsi- 
bility ; at the same time it has aiforded more efiicient safej^uard against the spread 
of disease. Economically, it has proved to the steamboat interest, and to the inter- 
ests of commerce generaUy, the best system that could have been devised. 

In times when no yellow fever exists the inspection at New Orleans of boats has 
reference chiefly to the cleanliness of the boat and the character of the cargo. The 
enumeration of the persons on board might well be omitted from the boat's certificate 
of inspection, since expeiience has taught us that in nearly every inst>ance this is at 
best only an indifferent approximation, as many register after the boat has left, and 
there is no way of making them register sooner. 

But when yellow fever prevails, this enumeration becomes important. In this case 
no person should be allowed to take passage except he shows a proper certificate, 
procured, if possible, from an inspector on land, as this would obviate the great diffi- 
culty of issuing a large number of personal certificates at the time of departure of the 
boat. The number of personal certificates would then correspond with the number 
expressed on the boat^s certificate. Those boats which might refuse to enforce this 
requirement should be refused the certificate. 

We concur in your view that every medical man employed as an inspector should, 
80 far as practicable, gain the experience necessary to enable him to perform the work 
of any other inspector, especially so far as the river and the railroad services are con- 
cerned, so that m case ot necessity any one inspector might take the place of any 
other and efficiently discharge his* duties. 
Very respectfully, 

F. W. PARHAM. M. D., 
P. B. McCUTCHON, M. D., 
Inspectors of the NaHonal Board of Health for the river service at New Orleans, 
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SHPOnTOFiySPECTIONSATCmCAOOiSAiyTLOVtSAymtBWOSLEANS 
BAILROAD. FBOM AUGUST 17 (DATE OF COMMENCEMENT OF SEBFICE) 
TO SEPTEMBBB 30, INCLUSIVB. 



?r empty can liup»<.-t«d ... 

■r rrelKbt IralDH Inspected. 

■rpUHDCen »niTlnB 1, , 

ir puMDeeni departing . . i Inspected. 

IT ar.toadi frnlt (nob infllndlng anuU shlpmenta) . 

iTtnlDs canflnE siuiie 

IT bolea n(n> und paper.»took. . , 

<r trnliu curvliig suae - 

inmber frslgnt ouv leaving Nei 



\-^i 



points oortb o 

The average daily time coiiBam«d in making inBpeotlona nM four hours. 

M; duties were couHued to the freight depot. In case of necessitf orfsiiiKfortba 
iuB^ctioa of passenger trains and pasaengett, an additional iiupeotor wooM he re- 
quired, inasmuch as the passenger and fieigtit depots are not eonneoted and are ft 
urns distance from each other, thereby making it an impossibility for one inspeotocta 
perform both duties. 

The utility of the inspection of freieht is demonstrated by the &ot that in tbe 
shipment of rags, paper-stock, and sncu like dangerous material, it was not allowad 
to be transferrM from car to car south of the Olrio BiTcr, and in case of the oooor- 
lence in thiecity of yellow fever their shipment could be prevented altogether. Also 
In maiDtaming a proper sanitary condition of the ears, aepota, yarda, uid sorroimd* 

Iwould recommend that the National Board of Health use Its influence wltli rall< 
road companies to prevent, aa far as poosible, the shipment daring the summer 
months of sach materials as rags, glus-stook, Ereen hides, and all decomposing ani- 
mal and vefcetabls matter, and that authority (now lacking) be given inspectors to 
stop the same. 

The expense of the service this year was borne by the railroad company, which flC- 
Cared every facility for the proper performance of the duties of the InHpeotOT. 

Daily certificates of iuspeotiou were issoed to all out-going trains. 
Very reepectfiilly, 

L. F. 8AL0U0K, H. D., 
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BEPOBT OF INSPECTIONS FROM AUGUST 17, DATE OF COMMENCEMENT 

OF SERVICE, TO SEPTEMBER 30, INCLUSIVE. 

loui8villb amd nashvillb bailboad. 

Natioical Board of Health, Railroad Inspection Service, 

New Orleans, October 1, 1881. 



Vmnber of loaded ft«ight can inapeotod 

Vnmber empW freight can inspected 

Number fireignt Xtmob inapected 

Nnmber persons thereon. 



Number persons on luusenger trains arriTinff 

Number persons on passenger trains deparung 

Number oar-loads ftnit (not including small smpments) . 

Number bales rags and paper-stock 

Nnmber can combining same 

Number trains carrying same 

Total number fireight can leaving New Orieana 



August, 
15CUIJS. 



476 

832 

29 

165 

15,935 

16,884 



744 

11 

8 

808 



Septei 
ber. 



tem- 



909 

849 

65 

210 

9.03M 

7,3*J6 

2 

43S 

28 

8 

1,768 



Total. 



1.385 

1,181 

94 

375 

24,973 

24,210 

2 

1,182 

34 

11 

3,566 



Rags and paper-stock enninerated above were carried through in sealed cars to 
points north or the Ohio River. 

The average time required daily for these inspections is not more than four 
hours, owing to the favorable arrangement of the depot and the manner of loading 
ihe cars. 

As to the facts bearing on the utility of said service, its practical application during 
a season in which yellow fever prevailed in the city woula be necessary to thorouglUy 
demonstrate the value of the service. It is certain, however, that two results are 
accomplished which are of practical importance: 

1st. The confidence established along the line of travel by the assurance that no 
goods known to be infected will be shipped. 

2d. The restriction which is placed on the shipping or moving of objectionable ar- 
ticles, such as rags, second-hand clothing, old bedmng, fruits, &c., during the heat 
of summer. 

An experience of two summers as inspector of this depot convinces me that the 
railroad officials are anxious and willing to aid in the enforcement of a judicious 
quarantine system, and while it is distinctly understood that in the proposed ship- 
ment of an^^ prohibited article the National Board of Health have no authority to 
stop said shipment, yet practically it amounts to the same thing, as in every such 
case they would refuse to ship it unless I would issue the usual certificate. 

As to the defects of said service, I am disposed to believe that as it exists it is capa- 
ble of accomplishing the objects aesired. It must be remembered I refer only to the 
inspection at the freight depot. In case of a necessity for inspection of passenger 
trains an additional inspector would be required, owing to the two depots being 
located some distance from each other. 

The expense incident upon this inspection has been met by the Louisville and 
Nashville Railroad Company. 

Respectfully submitted. 

J. M. WATKINS, M. D., 
Inepecktr NaiUmal Board of Health. 

Dr. S. E. Chaill£, 

Supervising Inspector, National Board of JSealik. 
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APPENDIX I a. 
OOmFEBENOE ON SMALL-POX. 

The State board of health of Illinois called a conference of delegates from State 
and manicipal boards of health to meet in ChicaiBfo^ Jane 29, to consider and adopt 
measures for the united action of health aathonties to prevent the introdaction of 
small-pox into the United States, and its spread from one State into another. Dele- 

f;ate8 were in attendance from the State boards of Illinois, Michigan. Iowa, Wiscons^, 
ndiana, Minnesota, Maryland, and New York : frY>m the National Board of Health, 
and from the municipal boards of Chicago, Milwaukee, Buffalo, Baltimore. John 
M. GiiEOORT, LL. D., president of the State board of health of Illinois, was called 
to the chair, and Dr. Henry B. Baker, secretary of the State board of health of 
Michigan, was appointed secretary. The conference continued in session two days, 
and closed its proceedings by adopting the following report and resolutions : 

The constantly recurring outbreaks of small-pox in various parts of the United 
States during the past few months and the widespread and fatal prevalence of that 
disease in many localities demand the most serious consideration of the health au- 
thorities of this country. In our opinion this conference should use its utmost power 
to unit-e all of the health authorities of the United States in a well-organized plan, 
not only of stamping out small-pox where it at present exists, but of preventing its 
farther introduction into the United States and its spread from one State into another. 
For two or three years prior to 1879 smull-pox was almost unknown in the United 
States; certainly, scarcely a death was reported. The result of a long-continued 
immunity from this disease is great laxity in regard to vaccination. Large numbers 
of children born during such periods are allowed to remain unvaccinated in every 
community. Hence, when small-pox appears after such intervals of immunity from 
the disease, it spreads with far greater virulence than when vaccination is enforced 
by the fear which the presence of small-pox creates. In 1879 there were a few deaths 
by that disease in New York (25) and in San Antonio, Tex. (125), but the country at 
large enjoyed a remarkable immunity from that afifection. The cases in 1879 in New 
York occurred among unprotected foreigners, and those in San Antonio were unpro- 
tected New Mexicans. But during 1873 small-pox began to be more than usually 
prevalent in European seaports and in Canada. Much uneasiness was felt by many 
of the most vigilant sanitary officers in different parts of the country lest the infec- 
tion should be brought to this country, especially from the neighboring Province of 
Canada, particularly at Montreal. In several instances local outbreaks of the disease 
occurred along the Canada frontier, owing to the importation of the infection throuffh 
immigrants. Towards the close of the year 1879 there were evidences of a wi&r 
distrioution of small-pox than could be accounted for by importation from Canada. 
It appeared in New York, Philadelphia, Chicago, the District of Columbia, and other 
cities. Duringthe year 1880 these outbreaks became more general, and were most 
marked in the Western and Northwestern States, while in the larger Eastern cities 
it prevailed with a constantly increasing tendency to become epidemic. The present 
year, 1881, opened with a wide distribution of the disease, and frequent local epi- 
demics of great severity. 

From reliable sources it is known that small-pox prevails to an unusual extent in 
many of the large cities of the North and West, and that violent and fatal epidemics 
of this disease are of frequent occurrence in small towns and in small communities 
of many States. 

If, now, we inquire into the cause of this diffusion of small-pox throughout the 
country, we shall find that immigration is at least an important factor. ' 

FtTBU — It must be remembered that small-pox became epidemic or certainly un- 
usually prevalent in foreign seaport towns and in Canada in 1878, 1879, and 1880, and 
18 at present the prevailing epidemic disease in these towns. From the following 
table it appears that the tide of inmiigration to this country from Europe began to 
rise in 1879^ and in 1880 reached proportions hitherto unprecedented in the historv 
of immigration to this country. And still the tide is rising, as appears from the fol- 
lowing late reports of the Chief of the Bureau of Statistics at Washington, viz : for 
nine months ended March 31, 1880, 214,596 ; for the same period in 1881, 357^396. Tha 
total increase in the number of immigrants during the last nine months is 142,800. 
From still later reports we learn that uie arrival ot immigrants at the principal ports 
of the United States is yet on the increase. Indeed, it is no unnsnal occurrence to wit- 
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ness the arrival of from 6,000 to 8,000 immigrants at the i>ort of New York in a single 
day. 

Second, — It must be noticed that the immigrants are largely from Germany, Eng- 
land, Wales, Ireland, Scotland, and the Dominion of Canada, countries in whicn 
8mall-])OX has been, and still is, unusually prevalent. The number of immigrants 
arrived during the eleven months ended May 31, 1881, was as follows : From Germanv, 
175,a06; Dominion of Canada, 110,611; England and Wales, 57,861 ; Ireland, 61,796; 
Scotland, 12,628; China, 7,443; and from afl other countries, 138,649. Total, 564,294. 

Third. — The number of cases of small-pox arrivingon immigrant ships at the ports 
of the United States is unusually largo, as reported b^ the health officers of the 
several ports of arrival. With rare exceptions the sick immigrant is not effectually 
isolated from the steerage passengers. The hospital quarters are usually amidships, 
with no adequate means of seclusion nor independent ventilation. As a cousqeuence 
1,000 to 1,600 persons are more or less directly exposed to the contagion and intectioo ; 
nor is vacciuation of the passengers practiced or even attempted at sea, so that when 
the ship reaches its destination it may have on board many persons who are thoroughly 
inoculated with the contagion, though as yet apparently perfectly well. 

Fourth. — Another important fact is the rapidity of ocean transit, which must be 
taken iuto consideration in estimating the influences of immigration on the importa- 
tion and dissemination of small-pox. While the incubation period of small-pox is 
fourteen days, eight to twelve days is the average period of the voyage of the iumii- 
grant vessel arriving at New York, where the greater number of immigrants land. 
Now, it is a well ascertained fact that the emigrants reach the ports of embarkation 
commonly several days before the sailing of the ship. During this interval the emi- 
grant families take quarters in the low lodging houses about the docks and wharves 
m which small-pox is now very prevalent. The result is that the unprotected emi- 
grants become infected, and if they immediately embark they may not only reach the 
port of destination before the incubation i)eriod has passed, but may pass the (quaran- 
tine in apparently perfect health. And, what is still more important, if such infected 
immigrants immediately on landing take passage on board the immigrant trains, as 
vast numbers do, they may reach the most distant settlements before the disease 
finally develops. It is quite plain that under these circumstances no amount of vigi- 
lance' in merely searching for the sick can prevent the introduction and wide dessem- 
ination of small-pox in this country. And this conclusion has tenfold force when 
applied to the introduction of small-pox from the Dominion of Canada by means of 
immigrants. 

Fifth. — It is a noticeable fact that large numbers of immigrants are found, on in- 
spection, to be unvaccinated. This might be inferred from the fact that such alarire 
proportion of the total number are children. Of the 457,257 immigrants arriving m 
the year 1880, 87,154, or about one-fifth, were under 15 years of age. It is found also 
that an intense predjudice exists against vaccination on the part of several nationali* 
ties. In several instances compulsory measures have been resorted to at the port of 
New York to compel the vaccination of unprotected })ersons who have been exposed 
to the infection. These immigrants have been known to wash their vaccination 
wounds immediately after the operation, and in some instances they have been de- 
tected having another person, as the mother of a child, suck the wound to remove 
the virus. 

The measures at present adopted and relied on to prevent the introduction and 
spread of small-pox in the United States by immigrants are evidently inadequate te 
meet existing conditions. Our health officials are pursuing the methods of prevention 
in vogue before the era of steam ocean and land travel. Thus far at the port of arri- 
val the health officer takes cognizance only of vessels having well-marked small-pox 
cases on board, either in transit or on arrival. In this case the vessel is subjected to 
cleansing and disinfection, and the passengers are vaccinated and allowed to depart, 
no further care being taken to insure successful disinfection of basgage, nor of the 
vaccination of the unprotected. The immigrant trains proceed to their destination, 
scattering their occupants along the way without further sanitary care or inspection. 
Wherever the immigrant stops he seeks the low lodging-house, and there the disease 
that he has carried in his system from the port of embarkation may first develop itself 
and establish a focus or infection which may and often has of late involved a whole 
town in disaster. 

The first knowledge that the local health authorities have of the arrival of the pes- 
tilence is its apparently sudden outbreak. It is evident not only from our past expe- 
rience, but from the nature of the case as (leveloped in the preceding recital of facts, 
that the methods we are now pursuing will not prevent the introduction of small-pox 
into the United States, nor control in any proper sense its spread. There is every 
indication that the amount of immigration will not be diminished, and that small-pox 
will become more and more prevalent abroad. To meet this emergency it is the duty 
of this conference to determine upon a practicable plan of concentrated operations 
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adequate to accomplisli the pnrpoee in qnestion. In this view the following scheme 
is proposed for consideration : 

It is evident we can no longer rely simply on quarantine mle, which secures vaccina- 
tion only of those on board vessels having had small-pox cases dnrinff the voyage. 
The future rule must be that all immigrants shall give satisfactory evitfonce of being 
protected against small-pox before being allowed to land. There are two methods of 
accomplishing this object : 

(1.) The restrictions of quarantine may be so applied as to make obligatory upon 
steamship owners to cause a medical inspection of all emigrants when they embark, 
and vaccination of all persons found unprotected. If this plan were earned out in 
good faith scarcely an immigrant could reach our ports who would develop small-nox. 
He could only carry the infection in his bageage. But if proper sanitary care or the 
baggage was required, that also could be relieved of infection on the voyage. It is 
doubtfiily however, if these measures could be fhlly carried into effect without Con- 
gressional legislation, and it should be a part of the action of this conference to secure 
the insertion of such provisions into the bill pending before Congress regulating im- 
migration as will accomplish the results mentioned. 

(2. ) The second method is the establishment of medical inspections of all steerage 
paAsengers at the ports of arrival in the United States with power to vaccinate lUl 
persons found unprotected. This method can be put into operation at once by add- 
ing to the rules regulating quarantine one requiring the inspection and vaccination 
of all immigrants found unprotected. In localities or ports where local boards make 
the rules governing quarantine, this rule could be at once adopted. Where State leg- 
islation is necessary to make the rule, which cannot be attained, the National Board 
of Health could make the rule and render it effective, or the National Board of Health 
could make the rule for the several ^roat immigrant ports, and the local officers could 
enforce it. From the following table it appears that the number of immigrant ports 
is very few and can be readily brought under a system of efficient inspection. 



Customs districts at -vrhich arrived. 



Alaska — 
Baltimore 
BoHtou . . . 



Bufitalo .... 

Charleston 

Chicago 



Cuyahoga, Ohio 

Detroit 

Duluth 



Galveston 

Gloncenter, Mass. . . 

Port Huron 

Key West , 

Marblehcad, Mass . 

Michigan 

Milwankee 

Minnemita 

^'cw Be<lford, Mass 

New Haven 

Uew Orleans 

Now York 

Orcijim 



Oftwogo 

Pamainaqnoddy 

Pearl Kiver. MiasiAsippi 

Philadelphia, Pennsylvania 

i'ortlnnu and Falmouth, Maine 

Providence. 

San Francisco 

Saint Mark's, Florida 

Superior, Michigui 



Total immigrants for year 
ending (Mine 30, 1880. 



Males. 



06 

10.071 
18,797 



Total. 



06 

1,074 

1 

18,704 

81 

4 

6,752 

16 

1,1OT 



Females. 



12 
7.828 
16,265 



484 


533 


8 


1 


250 


188 


88 


16 


2,565 


2,856 


608 


160 


7 




806 


16 


60,610 


83,765 


646 


851 


3 


5 


168 


53 


11 


16 


1,163 


562 


172 


102 


6 


3 


1.744 


010 


165,803 


06,423 


691 





287,623 



83 
012 



7,033 
22 



401 

5 

800 



160,634 



TotaL 



107 

17,304 

84,062 

1,017 



54 

4,021 

867 

7 

822 

04,876 



8 

221 

27 

1,725 

274 



2,668 

263,729 

601 

08 

2.886 

1 

21,727 

58 

4 

7,158 

20 

1,457 



457, 26f 



Through six ports it apx>ears that the class of immigrants requiring inspection pass 
into the United States, viz : New York, Boston, Philadelphia, Baltimore, Detroit, 
HuroD, oud San Francisco. To these, perhaps, should be added Passamaquoddy Bay, 
Maine, and Minnesota. It is evident that a system of inspection and vaccination, 
snch as hero proposed, at the first arrival must be attended with as little detention 
as possible. Detention of three days for observation of the reenlts of vaocination 
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wonld TOBYilt in the constant collection of firom 20,000 to 30,000 peraonB in the qnaran- 
tine of New York. Not only wonld such detention be unadvisable, owing to the hi^- 
ship which it would create, but as a sanitary measure those vast hordes should be 
dispersed as rapidly as possible, and aided, rather than hindered, in their efforts to 
reach their fViture homes. 

To meet the exijo^ency which requires future inspection of those vaccinated, to verify 
the results, local inspection stations might be established at proper points along the 
great thoroughfares which the imraigraut trains travel, where but a momentary de- 
tention would be required to reinspect the vaccinated, and when necessary to revac- 
oinate. This inspection wonld be facilitated if a system of ticketing was followed, 
which might be arranged as follows : Let the port-inspector give to every person 
found to be protected a white card, having on it his name, age, nationality, date of 
inspection, and destination ; to every person requiring vaccination let him give a red 
card, indorsed like the other, but giving date of vaccination. The immigrants would 
see that henceforward they must exhibit those cards when called upon. On inspec- 
tion at a station those having white cards would be no further noticed, while those 
having red cards would be inspected as to vaccination. The number of inspection 

£[>rts would not be large, as the routes of immigrant travel are well established. 
uffSalo, Pittsburgh, Wheeling, Cincinnati, Cleveland, Chicago^ Saint Louis, Kansas 
City, and Saint Paul occur as centers through which most of this travel might be 
intercepted. 

(3.) Within the State where the immigrants disperse for settlement there should be 
organized by the State board of health a system of surveillance which would keep 
them under observation until they reached their final destination. Such a system 
need not be complicated nor exnensive, for the same tickets would be the means of 
preserving the identity of the individual. State boards of health have also an im- 
portant duty to perform in securing vaccination. Through their official position 
they can exert a powerful influence upon the people by advice, and can organize 
many methods of bringing every community to feel a due sense of its obligation to 
adopt this measure of prevention. 

(4.) Finally, the local health authorities could maintain, as far as necessary, a cer- 
tain watchfulness over the immigrant family, in order to discover the first evidence 
of suspicious sickness. 

But a more important duty rests upon the local boards, viz, persistent efforts to 
secure vaccination of every unprotected person within their jurisdiction. At this 
time, when there is great popular alarm in regard to small-pox, local boards should use 
their utmost efibrts to make vaccination and re vaccination (the only real safeguard 
against small-pox) universal. Vaccination should not only he offered but urged per- 
sistently upon those who neglect it, and restrictive measures, as expulsion m>m the 
public schools, should be enforced against those who refuse. 

THK RESOLUTIONS. 

Beaolvedf 1. That small-pox is very prevalent in European ports at which emigrants 
embark for the United States, and, owing to the customarv delay of the emigrants at 
these ports, unprotected persons are liable to, and frequently do, become infected with 
that disease. 

2. That vast numbers of emigrants are unprotected against small-pox infection, 
and hence contract the disease just before embarking for the voyage. 

3. That ocean transit is now so rapid that a person becoming infected with the 
small-pox poison may, and often does, reach the ports of the United States, and, even 
by rapid railroad travel, may locate in Western towns before the disease becomes 
apparent in the individual. 

4. That outbreaks of small-pox in man^ parts of the United States and the liability 
to a wide and constant dissemination oi the contagious and infectious material of 
that disease by means of the immense number of unprotected immigrants who daily 
land at our ports and immediately proceed to inlanu districts by railroad, demands 
the most energetic measures of hearth authorities to control the spread of this pesti- 
lence, and to exterminate it wherever it makes its appearance in any community. 

5. That to accomplish this desirable object there should be concert of action among 
the several sanitary organizations of the country, viz, national. State, and muuicipul, 
and each in its own sphere should use its utmost power to stamp out this disease. 

6. That, with a view to give practical effect to the objects of this conference, we 
recommend — 

(A.) That Con^ss incorporate into the law regulating immigration a provision 
requiring protection from small-pox by successful vaccination of all immigrants. 

(B.) That the National Board of Health is requested to consider (in accordance 
with an act to prevent the introduction of contagious or infectious diseases into the 
United States, approved June 2, 1879) the propriety of making, promulgating, and 
enforcing rules requiring the inspection at the port of departure of immigrants into 
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this country, and the vaccination or revaccination of every immigrant who, upon 
Buch inspection, is found unprotected from small-pox. Or, failing in any case or for 
any cause to secure such vaccination or revaccination, to prevent such unprot-ected 
persons as may have come from or through any infected district from takinc passage 
on any ship destined for this country during the period of the incuhation of the dis- 
ease until such time shall have elapsed as shall make it certain that they are not car- 
r3ring the germs of small-pox in their own persons. 

(C.) That notification he sent to the various steamship companies hringing immi- 
CTants to the United States, that unless satisfactory evidence of recent vaccination 
be furnished (by certificate or otherwise) in the case of each immigrant arriviu^ at 
any port of the united States^ such vessels should be quarantined for a sufficient tune 
to insure the development of all undeveloped cases of small-pox, as well as for the 
discovery, if possible, of concealed existing cases which have developed during the 
voyage. 

(D.) That local health authorities should as far as practicable cause a thorough in- 
snection of immigrants at all distributing points, ana the detention at such points of 
all suffering from small-pox, and also the vaccination by the local authorities, if 
needed, of all immigrants who arrive at their destination. 

(E.) That to meet present emergencies the National Board of Health, by virtue of 
its power to prevent the introduction of contagions and infectious diseases into the 
United States and theirs pread from one State into another, take such measures as will 
secure the inspection of every immigrant before landing at the ports of the United 
States, and of the vaccination of all persons not protected. 

(F. ) That a committee consisting of one from each State and local board represented 
be appointed, whose duty it shall be to take such measures as may be found neces- 
sary to accomplish the objects of these resolutions. 



ACTION OF STATE BOARDS OF HEALTH IK REGARD TO THE INTRODUC- 
TION AND SPREAD OF SMALL-POX IN THE UNITED STATES. 

8TATB BOARD OF HEALTH OF NKW YORK. 

The following preambles and resolutions were adopted by the New York State board 
of Health June 22 : 

'* Whereas it is believed that small-pox is at the present time prevailing as an epi* 
demic in some of the ports of the British Islands and of continental Europe ; and 

'^ Whereas the emigration from those countries to the United States, principally 
through the port of New York, is at the present time unprecedented in its extenty 
and recognizing the fact that the incubative period of the disease is greater than the 
average passage of steamships from such ports to ports in the United States, thus af- 
fording an opportunity for emigrants infected at the jiort of departure to pass onr 
quarantine and reach interior communities before the development of the disease : 

*' Resolvt^, That this board request the National Board or Health, as a necessary 
measure of inter-State quarantine, to appoint an inspector of emigrants at Bufifalo 
and Suspension Bridge, whose duty it shall be to examine all emigrants passing 
through or stopping off at the places mentioned." 

And this board further respectfully recommend that the National 'Board of Health 
establish such inspections at Chicago, Pittsburgh, Saint Louis, and Omaha during 
the epidemic prevalence of small-pox at the ports from which emigrants embark. 

STATE BOARD OF HEALTH OF ILLINOIS. 

At a meeting of the Illinois State board of health, held June 30, the following reso- 
lutions were unanimously adopted, and transmitted for publication by Dr. John H. 
Banch, secretary : 

'^Reaolvedf That the Illinois State board of health cordially approves the action of 
the sanitary conference held in Chicago on the 29th and 30th of June, instant, for the 
prevention of the introduction of small-pox into this country by immigration and its 
spread from one State to another, and will co-operate, to the full extent of its power 
and means, in the proposed effort to unite all health authorities in a systematic plan 
of operations to prevent the extension of this disease and secure general vaccination. 

**Ke9olvedy That in view of the occurrence of small-pox in this State in epidemio 
form, through the dissemination of the contagion by eminants arriving at the ports 
of the Unit^ States, the National Board of Health be, and is hereby, respectfully re- 
quested to secure the vaccination of all unprotected immigrants before they are al- 
lowed to leave the ports of arrival in this country. 

** RcBolvfd, That in accordance with the above the State board of health respectfully 
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and earnestly call upon all health officers and local boards of health in this State to 
secare a careful inspection of all immigrants entering the State, and a prompt vacci- 
nation or revaccination of all persons not thus protected against small-pox/' 

• 

8TATB BOARD OF HEALTH OF MICHIGAN. 

The state board of health of Michigan adopted the following preambles and resolu- 
tions July 12, and transmitted by Dr. Henrv B. Baker, secretary : 

** Whereas many more immigrants enter the United States by the x>ort at the city of 
Port Huron, Mich., than by any other port in this country. New York only excepted, 
the numbers at Port Huron beins about 100,000 annually, and no quarantine or inspec- 
tion is maintained there by any nealth authority ; and 

** Whereas the country is suffering from contagious diseases, and especially small- 
pox, introduced in many cases by immigrants, their baggage, wearing apparel, «SuC., 
and it is a matter of national importance that the introduction of these diseases be 
checked as soon as possible ; and 

'^ Whereas, while the laws of Michigan provide for quarantine and disinfection by 
the local health authorities at expense of persons quarantined, there is no State or 
municipal fund available for inspection, vaccination, and disinfection of persons and 
things m transit and without detention : Therefore, 

** Sesolredf That in accordance with section 3 of an act to prevent the introduction 
of infectious and contagious diseases into the United States, approved June 2, 1(S79, 
the National Board of Health is respectfully requested to make and submit for ap- 
proval by the President of the United States * such additional rules and regulations 
as are necessary,' and either authorize this State board to execute such rules and reg- 
ulations, at the expense of the National Board of Health, or appoint a health officer of 
the port, or a sanitary inspector of the port, and such assistant's as may be necessary, 
at the city of Port Huron, Mich., whose duties shall be to examine, while in. transit 
and without detention, all immigrants arriving at that port; to detain or effectually 
ifolate in transit all persons suffering from small -pox, diphtheria, scarlet fevor, typhus 
fever, cholera, vellow fever, or any other disease dangerous to the public health ; to 
disinfect all infected baggage, wearing apparel, cars, vessels, ferryboats, &c.j and to 
vaccinate, with pure and fresh bovine vaccine virus, all immigrants unprotected fn^ra 
small-pox, and recently exposed to that disease, or coming from or through infected 
places ; to report to the National Board of Health respecting all vaccinations and re- 
vaccinations made by them ; to co-operate with State and other boards of health, and 
to promptly communicate to such boards of health information relative to the entry 
or proposed entry within their Jurisdiction of immigrants, and the facts respecting 
their liability or nou -liability to introduce any disease dangerous to the public nealth. 

*^Be8olv€d, That the National Board of Health is respectfully requested to consider the 

gropriety of taking action, similar to that requested relative to Port Huron, respeot- 
ig other ports to tne eastward of this State where snch action as is herein suggested, 
has not been inaugurated, and from whence immigrants come and pass into and 
through this State, and may thus endanger citizens of Michigan more than do immi- 
grants by way of Port Huron, many of whom pass directly on to cities and States far- 
ther west." 

'^ Whereas immigrants exposed to small-pox in foreign countries may contract t'ae 
disease, cross the ocean, ana reach places far inland in this country before the disease 
manifests itself in their persons ; and 

** Whereas vaccination on arrival in this country is usually too late to prevent the 
occurrence of the disease in susceptible persons exposed to small-pox on the other side 
of the Atlantic Ocean : Therefore, 
^ " Beaolvedy That the National Board of Health is hereby earnestly requested to con- 
sider (in accordance with an act to prevent the introduction of contagious or infec- 
tious diseases into the United States, approved Juno 2, 1879) the propriety of making, 
promulgating, and enforcing rules requiring the inspection at the port of departure 
of immigrants into this country, and the vaccination or revaccination of every immi- 
grant wno, upon such inspection, is found unprotected from smaU-pox. Or, failing 
in any case for any cause to secure such vaccination or revaccination, to prevent such 
unprotected person as may have come from or through any infected district from tak- 
ing passage on any ship destined for this country or, at least, from landing in this 
country during the period of incubation of the disease and until such time shall have 
elapsed as shaU make it certain that they are not carrying the germs of small-pox in 
their own persons. 

** Besolvea, That the Michigan State board of health cordially approves the action 
of the sanitary conference held in Chicago June 29 and 30, for the prevention of the 
further introduction of small-pox into this country by immigrants, and its spread from 
one State into another, and that in the proposed effort to unite all health authorities 
in an organized plan of concerted action to prevent the extension of small-pox and to 
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secure future immunity from small-pox by meaus of general vaccination, this board 
will co-operate to the full extent of its powers. 

'' Resolved, That the attention of every local board of health in Michigan is respect- 
fully asked to the details of the plan for immediate action recommended by the late 
sanitary conference at Chicago, which, in connection with the preceding preambles 
And resolutions, is further indicated as follows : 

*' ' That to meet present emergencies the National Board of Health, by virtue of its 
power to prevent the introduction of contagious and infectious diseases into the 
United States and their spread from one State into another, be reo nested to take such 
measures as will secure the inspection of every immigrant before landing at the ports 
of the United States, and of the vaccination of all persons not protected. 

*^'That local health authorities should, as far as practicable, cause a thorough 
inspection of Immigrants at all distributing points, and the detention at such points 
of all suffering from small-pox, and also the vaccination by the local authorities, if 
needed, of all immigrants who arrive at their destination. 

'^ ' Finally, the local health authorities could maintain, as far as necessary, a cer- 
tain watchfulness over the immigrant family in order to discover the first evidence 
of suspicious sickness. 

" ' But a more important duty rests upon the local boards^ viz, persistent efforts to 
secure vaccination of unprotected persons within their Jurisdiction. At this time, 
when there is great popular alarm in regard to small-pox, local boards should use 
their utmost eiiorts t^ make vaccination and re vaccination (the onl^ real safeguard 
against small-pox) universal. Vaccination should not only be offered, but urged 
persistently upon those who neglect it, and restrictive measures, as expulsion from 
the public schools, should be enforced against those who refuse.' 

'* Resolved, That, in accordance with the foregoing, the State board of health re- 

Siectfully and earnestly calls upon all health officers and local boards of health in 
ichigan to sequre a careful inspection of all immigrants entering and remaininflf 
within their jurisdiction, and a prompt vaccination or revaccination (with pure and 
fresh bovine vaccine vims) of all i)ersons not protected against small-iiox ; these 
precautions being especially necessary respecting immigrants, because of their having 
come in contact wit^ people and baggagp from nearly all parts of the world, ana 
therefore very much more liable to have picked up the contagia of diseases than ore 
our citizens at their homes." 

STATE BOARD OF HEALTH OF IOWA 

The Iowa State board of health adopted the following resolutions, which were 
transmitted by the secretary, Dr. R. J. Farquharson : 

" The Iowa State board of health indorses the action of the sanitary conference, 
held in Chicago June 29 and 30, for the prevention of the introduction of small-pox 
by immigration and its spread from one State to another, and will unite and co-oper- 
ate, to the full extent of^ its power and means, in a systematic i)lan of operation to 
prevent the extension of this disease and secure ^neral vaccination. 

" In view of the fact of the frequent introduction of small-pox into the interior «of 
Iowa from immigrants, the Iowa State board of health would respectfldly request 
the National Board of Health to secure the vaccination of all unprotected immigrants 
before they leave the ports of arrival in this country. 

'* The Iowa State board of health therefore earnestly requests all health officers 
and local boards of health to secure a careful inspection of all immig^nts entering 
this State and a prompt vaccination and revaccination of all persons not sufficiently 
protected against small-pox." 



BULE8 AND REGULATIONS FOR SECURING TEE BEST SAIHTART CON- 
DITION OF VESSELS, INCLUDING THEIR CARGOES, PASSENGERS, AND 
CREWS, COMING TO THE UNITED STATES FROM ANY FOREIGN PORT 
WHERE ANT CONTAGIOUS OR INFECTIOUS DISEASE EXISTS. 

[Prapared by the Natioital Board of Hxalth, in aocorduice with the proriskniB of an act approrad 
Jnne 2, 1870, entitled "An act to preyent the introdnction of infecUona or contagioQa diaoMoa into 
the United Stotea."] 

EXPLANATIONS. 

1. The olijoct of the following rules and regulations is to prevent the introduction 
into the United States of ^'contagious or infectious diseases.^ 

2. The following diseases are recognized as "contagious or infectious diseases," for 
the purposes of those rules and regulations, viz : Asiatic cholera, yellow fever, plague, 
small-pox, typhus fever, and relapsing fever. 
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3. An "infected^ port or place, in the sense of these rules, is a port or place at 
which either Asiatic cholera, yellow fever, plugao, small-pox, relapsing fever, or 
typhus fever existe. 

4. To secure the '' best sanitary condition " of a vessel, the following points shall 
be observed by the owners, agents, or master of such vessel : 

A. Exclusion from the vessel, as far as possible, of persons or things known or sus- 
pected to be infected. 

B. Cleanliness, dryness, and ventilation of the vessel, both preliminary to loading 
and during the voyase. 

C. Disinfection — ^that is, the destruction or removal of the causes of disease — which 
includes measures of cleanliness, ventilation, fumigation, &c. 

D. The crew shall not bo allowed liberty on shore after nightfall in suspected lo- 
calities. They shall not be allowed to sleep on deck except under awnings. The 
forecastle shall be well ventilated and kept dry. Both in port and at sea the bilge 
shfdl be pumped out each morning and evening, or more frequently, if necessary. 
The utmost cleanliness shall be observed at sea as well as in port. Each seaman shall 
have two suits of underclothing. The clothing and bedding shall be aired every clear 
day. In tropical climates the men shall be reo uired to wash their persons and change 
their underclothing every evening after work while in port, and each working suit 
shall be washed, dried, and aired after a day's use. These regulations as to clothing, 
airing of bedding, and ventilation, shall, as far as possible, be observed at sea as well 
aa in port. 

RULES AND RBGULATI0K8. 

.1. All merchant ships and vessels sailing from a foreign port where contagions or 
infectious disease exists, for any port of the United States, must obtain from the con- 
sol, vice-consul, or other consular officer of the United States, at the port of departure, 
or from the medical officer — where such officer has been detailed by the President for 
that purpose — a bill of health in duplicate, which shall set forth the sanitary history 
of said vessel, and that it has in all respects complied with these rules and regulations. 

2. No vessel shall have more than one bill or health ; but if she touches at other 
ports on the passage, that fact and the condition of those ports as to the existence of 
contagious or infectious disease shall be indorsed upon the original bill of health by 
the consul, vice-consul, consular officer, or medical officer of the United States. 

3. The bill of health shall be in the form appended : 

Form A. 
No, — . Port of . 



TBS UNITED STATES OF AMERICA— NATIONAL BOARD OF HEALTH. 

Bill of h€aliK 

I, (the person charged to deliver the bill), at the port of , do 

hereby state that the vessel hereinafter named clears from this port under the follow- 
ing circumstances : 



Name of vessel : . 

Tonnage: . 

Apartment for passengers, No. — . 

Destination : . 

Name of medical officer (if any): . 

Total number of passengers : 1st cabin, 
; 2d cabin, ; steerage, . 



Nature (vessel of war, ship, schooner, 

&c.): . 

Guns : . 

Where last from : . 

Name of captain : . 

Total number of crew : , 

Cargo : — ^. 



Ve99el. 

1. Sanitary history of the vessel : . 

8. Sanitary condition of vessel (before and after reception of cargo, with note of any 
decayed wood). Note disinfection of vessel : . 

3. Sanitary condition of cargo ; . 

4. Sanitary condition of crew : . 

5. Sanitary condition of passengers : . 

6. Sanitary condition of clothing, food, water, air-space, and ventilation: »r^« 
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PoH. 

1. Sanitary condition of port and a^acent country — 

a. F^vailinff disease (if any) : 

h. Number of cases of and deaths from yellow fever, Asiatic oholerSy plaguei 
small-pox, or typhos fever during the week preceding — 

Number of cases of— Number of deaths firom — 

Yellow fever : . Yellow fever : . 

Asiatic cholera : . Asiatic cholera : . 

Plague : . Plague : . 

Small-pox : . Small-pox : . 

Typhus fever : . Typhus fever : . 

c. Population according to the last census: . 

d. Total deaths from au causes during the preceding month : 

2. Any circumstances a£Ebcting the public health existing in the port of departure to 

be here stated : 

I certify that I have personally inspected the said vessel, and that the above statd- 
ments are correct. 



[Signature of medical officer.] 

I certify that the foresoing statements are made by , who has person- 
ally inspected said vessel ; that I am satisfied that the said statements are correct ; 
and I do further certify that the said vessel leaves this port, bound for y in . 

In witness whereof I have hereunto set my hand and the seal of office, at the port 
of , this — day of , 188-, — o'clock. 

[SEAL.] . 

[Signature.] 

4. Each consul, vice-consul, consular officer, or medical officer of the United States 
in a foreign port shall keep himself thoroughly acquainted with the sanitai^ con- 
dition of the port and its vicinity, especially with regard to the existence or con- 
tagious or infectious diseases or epidemics, and shall, upon the request of the owner, 
agent, or master, make, or cause to be made, an inspection of every ship or vessel 
bound for any port in the United States, and five the bill of health required by these 
regulations. Vessels carrying a foreign flag wall be inspected, when practicable, in 
company with the consul or consuLur agent of the nation to which the vessel De- 
longs. 

5. The fee for such inspection shall be such as may be fixed by the Secretary of tha 
Treasury. 

6. The certifying authority at the port of departure shall certify whether vessels 
carrying passengers are provided with the means of carrying out the provisions of 
sections «^7 and 4263 of^the Revised Statutes. 

Sec. 4257. Every such vessel so employed in transporting passengers between the 
United States and Europe, and having space according to law for more than one hun- 
dred such passengers, shall have at least two ventilators to purify each apartment 
occupied by such passengers ; one of which shall be inserted in the after part and the 
other in the forward part of the apartment, and one of them shall have an exhaust- 
ing-cap to carry ofif the foul air, and the other a receiving-cap to carry down the fresh 
air. Such ventilators shall have a capacity proportioned to the size of the apart- 
ments to be purified; namely, if the apartment wil Uawfully authorise the reception 
of two hundred such passengers, the capacity of each such ventilator shall be equal 
to a tube of twelve inches diameter in the clear, and in proportion for larger or smaller 
apartments. All such ventilators shall rise at least four feet six inches above the 
upper deck of any such vessel, and be of the most approved form and construction. 
Ii It appears from the report to be made and approvea, as provided in section forty- 
two hundred and seventy-two, that such vessel is eoually well ventilated by anv 
other means, such other means of ventilation shall be deemed to be a compliance with 
the provisions of this section. 

Sec. 4263. The master of any vessel employed in transporting passengers between 
the United States and Europe is authorized to maintain good discipline and such hab- 
its of cleanliness among passengers as will tend to the preservation and promotion of 
health ; and to that end ne shaD cause such regulations as he may adopt for this pur- 
pose to be posted up. before sailing, on board such vessel, in a place accesHible to such 
passengers, and shall keep the same so posted up during the voyage. Such master 
shall cause the apartments occupied by such passengers to be kept at all times in a 
clean, healthy state ; and the owners of every such vessel so employed are required 

4429 N B H 23 
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to construct the decks and all parts of the apartments so that they can be thoroughly 
cleansed ; and also U> provide a safe, convenient privy, or water-closet, for theexcla« 
sive use of every one hundred such passengers. Tne master shall also, when the 
weather is such that the passengers cannot \^ mustered on deck with their beddiug, 
and at such otlier times as ho may deem necessary, cause the deck occupied by such 
passengers to be cleansed with chloride of lime, or some other equally efficient disin- 
fecting agent. And for each neglect or violation of any of the provisions of this sec- 
tion, the master and owner of any such vessel shall be severally liable to the United 
States in a penalty of fifty dollars, to be recovered in any circuit or district court 
within the jurisdiction of which such vessel may arrive or from which she is about 
to depart, or at any place where the owner or master may be found. 

7. For the purpose of isolating the sick, especially those sufifering from contagious 
or infectious diseases, every steamship or other passenger vessel shall have two com- 
partments or spaces to be used as hospitals, one for men and the other for women. 
These hospitals shall, when practicable, be constructed on the main deck, or on the 
deck next below the uppermost deck of the vessel. 

8. Every vessel before taking on cargo or })asseuger8 shall be clean and dry, and the 
certifying officer may, at his discretion, require that it shall be thoroughly disinfected 
if last from an infected port, or if the port of departure be itself infected. The exam- 
ination of the vessel as to cleanliness shall be made before the cargo is taken on, and 
diall extend to all accessible parts, especial care being taken to note'upon the bill of 
health the presence of decayed wood. 

9. Earth and porous stone shall not be used for ballast if avoidable. 

10. Merchandise or articles known to-be infected shall not be received or taken on 
board. 

11. In case the port is infectedy the certifying authority may require that the officers, 
crew, and passengers shall be examined by a medical officer or physician selected for 
that purpose, and the result reported to him not more than twenty-four hours before 
certifying to the bill of health. 

If small-pox exists at the port, the certifying authority shall require that the med- 
ical examination above provided shall extend to all passengers, as well as to the offi- 
cers and crew, for the purpose of determiuing their protection against small-pox, and 
every person found unvaccinated, or not satisfactorily protected, shall be properly 
vaccinated before the vessel leaves the port, and a record of sucn vaccinations, in- 
cluding the name of each individual vaccinated, and the date of vaccination, shall 
be given to the master of the vessel, to be by him delivered to the quarantine au- 
thority at the port of arrival. 

12. Bills of health can be considered valid only when delivered within twenty-four 
hours last preceding departure. If the departure is delayed beyond this period the 
bill must be vis^ by the authority delivering it, stating whatever changes have taken 
place in the sanitary condition of the port, vessel, officers, crew, or passengers. 

13. When the port of departure or its vicinity is infected^ that fact shall be noted in 
the bill of health, and when the sanitary or other local authority of the port declares 
the existence of such infection, the bill of health shall give the date of said declara- 
tion. 

14. A port shall not be considered infected by reason of the existence of contagious 
or infections disease confined within the limits of the quarantine station of such port. 

15. Physicians attached to sea-goin^ vessels shall oe specially charged with the 
duty of watching their sanitary condition and the health of their officers, crew, and 
passengers. On arrival of the vessel they shall report to the health officer of the port 
the' sanitary history of the voyage. 

16. In case of the occurrence at sea of Asiatic cholera, yellow fever, plague, small- 
pox, relapsing fever, or typhus fever, the wearing apparel and bedding used by those 
affected with such disease shall be boiled for not less than two hours, or burnt or 
sunk. 

17. Captains, owners, or agents of vessels shall, at the port of departure, be required 
to answer^ under oath, to the consuls or sanitary officers all questions as to the sani- 
tary condition of the vessel, &o. 

18. Whenever any vessel shall leave an infected foreign port, or, having on board 
goods or passengers coming from any place or district infected with Asiatic cholera, 
yellow fever, or plague, shall leave any foreign port bound for any port in the United 
States, the consul, consular officer, or other representative of the United States at or 
near such port may, at his discretion, immediately give information thereof by tele- 
graph to the National Board of Health, at Washington, D. C, reporting the name, 
date of departure, and port of destination of such vessel. The cost of such telegrams 
will be paid by the National Board of Health. 

19. All merchant ships or vessels from any foreign port where any contagious or 
infectious disease exists, and bound for any port of the United States, must present to 
the health officers at the quarantine station of such port evidence that these rules and 
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regulations have been complied with in order that such vessel may enter snoh port, 
discharge its cargo, and land its passengers. 

J. L. CABELL, 
President Xational Board of Health, 
Thomas J. Turner, 

Secretary National Board of HeaUh. 

Offigx of thb Prbsidemt of the United States, 

November 14, 1881. 

The foregoing roles and regulations are hereby approved. 

CHESTER A. ARTHUR. 



ADDITIONAL RULES AND BBQULATI0N8 NECES8ABY TO PREVENT THE 
INTRODUCTION OF SMALL-POX INTO THE UNITED STATES FBOM FOR- 
EIGN C0UNTBIE8. 

1. That all persons coming from or through any foreign port or place in which small- 
pox exists, who, after the 14th day of November, 1881, shall arrive at any port of 
entry within the United States, shall be subjected to examination as regards their 
protection from that disease by the pro{>er health authorities of the State within which 
such port lies, or in case such authorities shall fail or refuse to enforce this rule, then 
by some officer or other proper person to be'designated by the President of the United 
States. 

2. That in case any person so arriving shall refuse to submit to such examination, 
or upon undergoing the same shall be found not sufficiently protected from small-pox, 
Buch person, and in case he or she be not euijuriej then idso the person having him or 
her under charge, shall be detained in quarantine until he or she shall have been 
properly vaccinated, or shall have passed the period of incubation from date of last 
exposure. 

J. L. CABELL, 
Preaideni National Board of Health. 
Thomas J. Turner, 

Secretary National Board of Health, 

Office of the Pbbsidbnt of the Unitbd States, 

November 14, 1881. 

The foregoing additional roles and regnlAttons are hereby approved. 

CuESTEB A. ARTHUR. 
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